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supported with funding from the Nati

onal Institute of Education.
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-including the Research and Developme
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FOREWORD:

Transforming Research Into Practice

The Research and Development Interpretation Service (RDIS) is a
project, aponsored by the Natlonal Institute of Educatlon (NIE), whose

migsion is to help bridge the gap between the worlds of educational

research and educational practice. The tangible outcomes of RDIS'

work——a seﬁﬁes'of poblications called Research Within Reach--—are

developed on a foundation of seven tenets: ' il

.

1. A corpus of research knowledge exists that can be used by
teachers.

2. Teachers need both "broad" and ""deep" knowledge.

3. Those who produce knoﬁledge and those who use knowledge operate
‘from different value structures. :

4 Teachers use knowledge to improve per formance if they see a
. connection between the knowledge and their own situations.

5. Knowledge producers and knowledge users use dlfferent
"languages“ when talking about knowledge and school improvement.

6. Knowledge needs differ among knowledge users, which may result
& in knowledge belng packaged differently.

7. Users need different presentations of knowledge at different
phases of knowledge use. '

" The knowledge proeuced through research represents an important
resource for the improvement of education.v Researchers are investigacing
literally every aspect of education, from aow Policymakera arrive at
decisions to how 1earning occurs within individuals; Unfortunately, much
of the’ research that holds potent1a1 for 1mprov1ng 1earn1né at the
c¢lassroom leyel has had little impact. Drawlng “from the’ research that
gives‘us the seven tenets described above, RDIS attempts to brlng the

results of research into teachers' reach.



Teachers work in complex environments and face challengee on several
~fronts. Not only must they understand educational psychology, including
‘ motlvatlon and learnlng theory, they must also be knowledgeable in the
content areas that make up the particular curriculum they teach. In

' eddition, teachers require training in the skills of pedagogy: how to .
plaﬂ and present lessons, how to assess progress of students, and how to
meet the needs ‘and strengths of the children they teach. |

0f course, teachers do not face these formidable tasks unaided.

Curriculum spec1allsts, instructional supervisors, textbook publlshers,
and school administrators offer 8pec1f1c help as teachers chart the
course of learning to be undertaken. Moreover, a verltable army of
researchers in universieies, educational laboratories, research centers,
aﬁd in schools tﬁegselvea, study problems thaf affect teaching and
learning. ﬁevertheless; it is often the case ;hat.reseerch findings have
relatively little impact on the actual teaching and Ie;rniﬁg-that occur
in schools.. i

For several yeafé, the federal government hae engaged ‘in sponsoripg

lactivities that both generate new kno&ledge and that move research
findings into practice. The National Science Foundatidﬁ; Teacher Corps;
categorical p-ngrams at the netional, state and local levels; Research
and Develqpmeet vtilization projects;.the nation-wide ?esea*ch.and

-~ Development Exchange (RDx); and federalli funded networks of special
education, bilingual education, and other “special interest" educetors

ali attempt to help teachers use research knowledge to solve problems.
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The results of these two types of federally sponsored activities
vary. Research findings in teaching and learning processes, davelopment

and sequencxng of specific skills (reading, problem solving, vriting),-

R
organization of social systems, decision-making, and other educat10na1
prozesses have 1ncreased the potentlal for solving educatlonal problems.

Successful dempnstratlons of moving research findings 1ntolpract1ce

have been less obvious. We know more theory about how change and

improvement happen, but examination of actual éractice reveals that those

theories aren't being used in many school improvement efforts

process, which is built on findings of researeh, helps move theory into

practice..' - T
In the course of helsing teachers adapt and implement research

. findings, Teacher Corps discovered that whatjteachers do not want is

. i
\ !

81mp118tLC answers to problems that ___Z_have\not defined, "but the /
capacity to thlnk about teaching, to define their own problems and to'
determine the va11d1ty of theJr own classroom practices” (1). In short,
teachers want research that relates to problems affecting them, but the

' research must be presented.in a Qay that acknowledges the complexity of
the teaching/learniné process. Moreover;;teaéhers’insist.on-their right
to define the problem.

This is often a cause of tensioa because knowledge advocates, to
borrow Gerald Zaltman's term; and knowledge users often do not share
common values, znd may have different perceptions about accepting an item
of krowledge (&). While'people who produce knowledgextypically value the
scientific soundness of research, users may be more interested in the
actisn orientation of the knowleage. This d1vergence of values is clear

when reading research reports. Typlcally, these end with a




recommendation that more research is required. This recommendation is
ofren dismissed impatiently by teschers who want to know how they can use
the knowledge on Monday morning. |

This difference of values is gimilar to another difficulty for moring
research into practice. Connections between research and practice are
often not clearly articulated or immediately apparent. It is not
uncommon for teachers to examine regularly research in their own field.
However, important research.conducred_by information grocessing
specialists or psychplogists may elude these teachers because they don't
rea& widelz.' Therefsre,.disseminators "should clearly establish for
users the coanection bet&eenethe advocated knowledge and a felt need or
concern experienced by the potential use" %).

Another problem for moving research into practiCe is that different
users need different knowledge. If a'schosl system wants to improve |
science learning, for example, a disseminator can provide
a wealth of research-based 1nformat1on on a variety of issues. It is

r1t1ca11y impor tant that the right information be prov1ded to the right
user. "It's important that administrators not be the only des1gnated
target group for such carriculum materials. Training packages suited for
school board members, for teachers, for leaders of teacher orgahizatioas,
and for parents, for example, need to be prov1ded' (2). Zaltman
expresses this same jdea when he notes that "it may be necessary to
“design different versions of an item of knowledge to maximally satisfy
different user characteristica™ (4).

Because conditions differ from alace ro place, knosledge users need
to explore local factors that may affect knowledge use. Herriott aad

Gross caution against unthinking installation of innovations simply
N .

O ‘ . ’ . | >_ i . 1(_)




because they have proved to be successful in other schools. The
assumption that "it worked there; it will work here" is tenuous at best
(3). Knowledge users need opportunities to test the match between their

own situations and the research findings, before they can commit to

attempting to put the research into practice.

The RDIQ Process
The Research and Development Interpretation Servi;ebwas established
with funds from the‘National Iﬁstitute of Education (NIE) of the
Department éf Education. fhrough its serieg of interprefiye reports,
RDIS reviews and presénts research findings, aloné with their classroom
implications, to teachers. i
RDIS has devised a multi-step process that emphasizes the needs of

classroom teachers for current research-based knowledge. This process

involves thé'following steps:

Solicit questions from teachers. wWhile these questions are

collected in a variety'éf ways (telephone ‘interviews, workshop
activities, etc.), the important point is that the. questions are

posed by teachers. - They want the answers. -~

Present questions to consultant panel. For each RDIS pfojeht, ]

consultant panel of experts in the field is convened. The panel's
first task is to review the teachers' questioﬁs to decige whether or
not 8 research-base cxists that can be used in answering the

question. Also, the panel prioritizes the questions so that the

most important will be ircluded in the interpretive report.

- 1



Review the R & D literature. Once the questions are selécted, RDIS
staff begins accumulsting research reports, journal articles, and
other. documents. These are abstracted and catalogued in annotated

bibliographies, wﬁich are ancillary products of each project and are

available for use in answering the questions.

Prepare interpretive report drafts for review. The interpretive

report is prgpéred, which includes a revi;w §f the relevant
research, a discussion of clgssrnom iﬁplications, and
recqmmendations'to teachers for clagéroém implemen;ation of the
reséarch.- The drafts are circuiated to members of the consultant
panel, fova variety of reviewers at schools, to cclleagues in

educational laboratories that make up the nstionwide R & D Exchange,

and to researchers in universities.

Incorporate review comments and publish final product. Revisions

--based on the reviews areléade before the final product is printed.
Regional Erchange (Rx) pgogr;m; at the educational laboratories.play
a key role in the dissemfnation of the reports, either through
workshops or through state depaftments of edﬁ;aqion. Futthef, the
proferional associatiﬁns (é.g., International Reading Associa;ién
and National Council of Teachers of Mathematics) have published and

marketed the earlier reports on reading and mathematics to their

memberships’



This report; Research Within Reach: Science Education, has

undergone nuch the same process as the other puhlications. The_Regional
Exchanges have played an 1mportant role in the development of,this
document. This 1nvolvement has resulted in a shared sense of ownership
ofathe'publication and has enabled RDIS staff to benefit from the

expertise of individual staff members at the Regional Exchanges.

Development of This Book

In 1983, RDIS was asked to develop an 1nterpret1ve report of the
research in sc1ence educatlon. To emphaslze the 1mportance of this task\
the directors of Reglonal Exchange projects at\several regxonal

educatlonal laboratories sgreed to pravide support from the1r own staffs

2

to help. The Exchanges helped by collécting questlons from teachers, by

attending meetings of the»consultant panel, and by reviewing (and
‘organizing f1eld rev1ews) of the various drafts. Most importantly,

* Exchange staffs have actively worked on developlng dissemination plans.

V .
Lo

- - . /

How Questions Were Generated? /

The first task of the Regional Exchanées was the collecting of
-practitioner questions. Because each Exchapge works somewhat differently
with the states it serves, the mechanism was left to individual Exchange’

reference. The approaches varied. One Exchange secured names of .
teachers in several states who were interviewed by Exchange staff. The

interviews provided important aackground on the 1nd1v1dual and helped set

questions into a context.

13




@nother Exchange, conducted a two-day workshop dh.resegrch in science
educatipn. After each presen;aﬁion or activify, workshop participants
were invited to.recOrd quest;ons or comments ig a journal that each
person kept. Also in a workshop setting, one Exchange invited
practitioners to discuss issués in }esgarch and practice. Tﬁese
discussions, then, led to quéstion§¥: : -

In all, more than 550 questions were gathered from teachers,

curriculdm specialists, instructional supervisors, and other educators.

How Queétioné Were Selected

Cleafly, with that many questions, some had to be selected over
others. The existence of a series published by the National Science
Teachers Association (NSTA) made that task somewhat easier. The

four-volume éeriés, What Research Says To The Science Teacher , - provides

research information to teachers on a variety of topics, many of which
are not covered in this document. For example, thisvvolume contains no
chapter~that specifically and exclusively talks about the Yalue of
laboratofy work. An excellent article on this ébbjéct by Gary C. Bates

appears in What Research Says To The Science Teacher, Volume 1,

The business of choosing which questlons to answer was the focus of

the first consultant panel meeting. Before the meeting, all the
n

questions were typed, exactly as received. Then participants at the

panel meeting reviewed the questéods, gsorting them by two criteria:

P . ’ >

—

o  Was the question of interest to several practitioners?
o Was the question answerable from a research basis?
;



.more than 300 items. ® N

Once the questions were sorted by \these criteria, the panel reviewed

\
them again, placing them into categories. \These categories were then

~exsm1ned and questlons were selected because they appeared to be of

_primary importance to teachers, because they wer answerable from the

available research, and because, taken together,'they provided a coherent
picture of science education. Finally, participants at\the panel meeting'
suggested research resources that should be considered when responding to

.

the questions. B ' : ~

Collecting'the Research , ‘ , -,

 The RDIS staff spent a large part of 1983 collecting resource
materials. The books, journals, and micro-fiche were annotated and
compiled into a bibliography, which became'the first tangible'result of
the science education synthesisf The bibliogrsphy currently includes
At this p01nt RDIS staff confronted the ‘issue of what const1tutes
research. we askKed:. Should we confine\ourselves only to pr1mary reports

of empirical experiments? Should we 1nc1ude anecdotal reports from

practicing science educators who described promising classroom work?

‘Should we-include the views of experienced science educators, reviewing

long careers in educatios and commenting on their experiences? In short,
we found osrselses squarely.in the middle of an epistemological debate
that has raged since the days of-Plato. We decided to draw from a wide
variety of materisls that we put under’the heading of "knowledge." Some
of that knowledge is research in the strictest sense of the word. Some
of our sources, however, reéresent other kinds of kﬂoﬁledge. Throughout
the book, we make clesr to the reader, either in text or in the citatinn,

what part of the knowledge base is being used.

15



At the same time that work'on‘the bibliography was progressing, we
contacted the science educators who were to become the authors of the
chapters of this.volume} We hoped to enlist the efforts of educators who
were uniquely qualified to descr1be specific aspects of the research base
. and who also had demonstrated"a coomitment to coimmunicating with

.

teachers. We were fortunate in our ChOlC‘s. | N
By the end of 1983 a sufficiently strong first draft‘had been
“prepared to warrant returning to the consultant )anel and to RDx
colleagues for a rev1ew. During a second meetidz of the consultant
panel all aspects of the draft were discussed/and weak points, needs for'
further research and suggestions for 1mprove ent of presentation were |
noted. Lengthy conferences with the writers ollowed, and a second draft

was ready for review during the summer of 1984. Based on the results of

that review, final modifications were made in the manuscript.

/

\/
:

'Overv1ew of the Book

Each chapter is constructed along the same model. The chapter opens
with a question posed by a teacher. ;ln some caseg more than one question
is presented; in other cases severallquestions were collapsed'into one.

A discussion of research and practice\is then given, which includes
examples and implications for teachers and c1assrooms. Each chapter
concludes with a summary and a list of references. The references are
numbered and listed alphabetically by author. .This number, when found in
parentheses within the text, refers the reader to the appropriate

1
citation. All references are brought’ together and presented

alphabetically in a master bibliography, which may be found in the back

of the book. Bt



Each chapter js written so that it may be read in isolation. While .
this creates some repetition, it also allows the reader to read the’
-chapters ‘that are of partlcular 1nterest in whatever order seems best to
the individual.

The two chapters that close the book are different from cother
chapters. Each of these chapters presents the authors' perspectlve on
aspects of gcience learnxng.' In the first of these “perspectivesﬂ
chapters, Wayne W.. Welch discusses charac*erlstlcs associated w1th
science ahd'scient-sts and relates these characteristics to sc1en?e
1earners. The final paper, written by Audrey B. Champagne and !

Leopold E. Klopfer, foffers a look at science teaching from the : f

perspectlve of cognitive psychologlsts. We include th1s paper-because

\
\

the work of cognltlve psychologlsts offers a deC1ded1y different view of
1earnihg\and the relationship of the learner ‘to a body of hnowledge and
skills.’ ;or;readers interested in learning more about thlz}research
perspective, we recommehd that the work of Lillian McDermott of the
University'of Washington; James Minstrell, Mercer Island High School,
Mercer Island, Washingtoa; Jack Lochead, Univeraity of
.Massachusetts--Ahherst; and Riffe and Heller of the University of
California at Berkely be consulted. Each ofvthese people has made

significant_contributions to our understanding of how learners process

information.

. The remalnlng/chapterslothheubook are grouped into three sections.

of the two papers in the first section, one looks at what we know about

and have 1earned from the curriculum development pro;ects of the 1960«

the other talks about the goals of science educatlon. Issues of

instruction are discussed in the four™ chapters found in the teaching and

7
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learning section. Here welfind_informatieniebeut effective instructional
stratégies_end systems appropriate for science classrooms; isgues'to
‘consider when assessing studentsf'ecience:learning,,effects of and
" activities that-promote the integration qf science and other school .
subjects, and the use of the micrdcompdter in science education. School_
and home factors that affect learning and teacher preservice and
ihservice training are'discusegﬁ in the third(eectiqn, a Context for

Science Edgcatioé: ,

Next Steps X
| This volume brings'together some of the euestions teachers raised
when we hegan our worh'well over 8 year age, While thesﬂuestions are
answered here, we realize that mueh more has to happen.§efore reseerch
can be epplied in classrooms. Furthermore, this book will begin to be
out-of-date the day‘it_is'finished. Research is progresuingAOhAmshy
fronts and new knowle&ge.is beihg.genereted, tested, and confirmed. In a
sense, this book is a aterting'point. It should be thought of as a
gemi-finished product that needs further shaping hefore its core-—the.
ideas and knowledge--can become finished. That finishing process can
only be.completed by teachers.h |

After you have read this book; hoﬁ can you)dée it? One way ie to
discuss the ideés presented with your colleagues. Whether you are an
elementary school teacher, who needs to find time in a crowded schedulm
to teach science, or 8 secondary school teacher looking- for ways to
1mprove your teaching, you will probably flnd that a discussion of th18
book with your colleagues w111 yield new ways of thinking about science

! -
education. Another way to use the 1nformat10n here is in 1nserv1ce

S



education programs, since some aspects of this book can be used for
professional development. In additiom, a“study committee looking at
curriculum reform may find useful information here.
.You may aléo'want to search. out other resources. The books and
articles cited in the master'bibliography coqt#in much helpful
} infbrﬁation. Sevé;al pgblicqtions of the National Science Teachers

Association can also be recommehded, ' These include Teachers in Exemplary

Prqgiams:'-ﬂqy Do They Compare; Centers of Excellence: Portrayals of Six

Districts; Exemplary Programs in Physics, Chemistry, Biology and Earth

Sciences; the Focus on Excellence series; and the preﬁi;usly mentioned
_.‘.‘.-‘-H . \ . .

\
What Research Says to the Science Teacher series. In addition to these

printed documents, human resources caq  be obtalned from the séience

‘supervisor of your state department of educatlon, the Natlonal Science .

Teachers Assoc1at10n, the Naticaal Science Supervisors Asgociation, and\
\

\
N,

the Reglonal Exchange that gerves your state. These individuals and
organizations can provide ideas and information that will help improve

science teaching and learning in your school.
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A ' CURRICULUM AND GOALS
o IN SCIENCE EDUCATION

The curriculum used in science

' W primary determiner of
what a student 1s taught. The two
chapters in this section discuss the
curriculum development Brojects‘of the

1960s and the goals of science
educationes

D
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“

williém C. Kyle, Jr., The University of Texas at Arlington

’

What became of the curriculum dévelopment projects,of-the.196031. How - -
hers in

effective were .they? What did we learn from them that will help teac
today's classrooms? - '

The scientific literacy of American.youth—-that is, their mastery of the
bacic knowledge and skills of communication in science and technology—is a
puoblem of grave national ;oﬁcern. In fact, this probleﬁ has been viewed by
acience educators for some years now . as a érigis in-science education (18, 29,
39, 52, 56, 59).. At fhe outset-éf the curriculum reforﬁ-movémeng in the
1950s, sqience and mafhematics achievement scores of American students

compared unfavorably with tﬁose of students in other industrialized nations.
~Since that time, scores have declined substantially. Almost paradoxically,
our’understandihg of how knowleége and skills are acquired has increased
dramatically (49). During this samewferi;d of time, we have also formulated a -
clearer image of what the goals should be for science educétioﬂ 8s a
discipline (57). Thus, webcur;ently“have sufficient.informatioh to develop an
initial conéept of what is nee&ed, what works, and what is effective in
teaching science. We must now begin to use that knowledgé to articuiate a
s&und science. education cuzrriculum fer all students. It is within the power
of our existing educational system to improve the qualify of the science
education provided students. This enhanced instruction will improve the *
scientific/techqological 1itérac§ for both the common and individuél good.

As we approach the mid-1980s, it is extremely encouraging to find
teachers at all grade levels, science coordinators, and school administrators
asking such questions as; What became of the curriculum deve}ppment projects -

of the 1960s and early 1970s? How effective were these science programs?
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Should the "process-orlented" courses have been tossed aside in favor of the,
. {

"basxcs"? what are some character1st1cs assoc1ated vith "exemplary" sciente\
programs? How can schools xmprove the1r sc1ence'programs?

Recent research clearly prov1des answers for each of these questions and
many similar concerns. Thls\chapter will synthesxze and interpret such
research f1nd1ngs. F1rst, however, it is important to look briefly at events
1n the recent past that have led teachers to ask these questions.

- A cr1s1s in science educat1on was’ 1dent1f1ed by the mid-1950s and was
| fueled by ‘the Soviet Union's launch1ng of Sputnlk I on October 4, 1957. This :

event drew attent1on to the d1spar1ty between ex1st1ng science courses and the
rapid advances in science and technology. The educatxonal system was "neither
keeping pace with advances in science nor with the demands of socxety. If the:
country wanted, and needed, more and better sc1ent1sts then somethlng had to -
be done regardxng the nature of sc1ence education in the schools. The
launchxng of Sputnik aroused publlc 1nterest, awakened/g,"sleeplng_giant,f and,
ignited a crash program for curr1culum reform in science education. 'This
byrst of act1v1ty resulted in some of the most - current, 1nnovat1ve, and

WA

spectacular changes 1n the h1story Lf Amerxcan publxc school education. The
S

RN W

per1od that followed has' .come to be known as the Golden Age of Science

\

Education (1955-1974). .

N

The curriculum reform era was_nurtured by ‘a aoc1ety that demanded
improved aclence education and more rigorous science. The demand was. for more
scientists, technologists, and.engineers who could meet perceived societal 4

vneeds.' Although dozens of "alphabet-soup“ sc1ence curr1cula were developcd
durlng this era, the following curricula were perhaps the most well-known and

widely adopted;



Elementary Science Curricula:

Elementary Science Study (ESS) -
Science Curriculum Improvement Study (sc1s)
Science - A Process Approach (S-APA)

~ Junior High Curricule:

Earth Scisnce Curriculum Project (ESCP)
Individualized Science Imstr:ctional System (ISIS)
Interaction Science Curriculum Project: (ISCP)

Intermediate Science Curriculum Study (ISCS)
Introductory Physical Science (IPS)

~ Righ School Curricula: -

Biological Sciences:Curriculum Study (Bscs) ' '
- Yellow Version ' .
- Blue Version : S
_~ Green Version . -

Chemical Bond Approach (CBA)

Chemical Education Matcrials St:dy (CHEM Study)

Harvard Project Physics (HPP) '

Physical Science ‘Study Committee {PsSsC)

‘ ) .
The new science curricula were similisr in secveral ways. They were developed

by teams that included scientisté, educators, psychclogists, and teachers.
Unlike earlier texts, written by ome or two authors, the new curricula
benefitted from the éombined.expertish of people with & variety of
perapec:ive?. The curricula that emerged embodied both scienﬁifié.prqceqses
and the nature of scientific imquiry (20, 21, 38, 43).
ﬂ———Jhe—:eaching—methodé—andustzategies.advocatedwin the teacher guideé,qénd“ -
during project inservices, were based upon £;e most up~to-date theories of,hog
children and agdlescents learn. Earlier textbooks contained a mass of

/

disconnected facts and generalizaticns, presented alﬁost entirely as

AN

description; vhich seemed to requiré rote memorization.(ZO, 21, 43). e
The new science programs emphasiz;d-iearning by d;ing vhile focusing 39)
current concepts iﬁ science. Lab&iatory activities were an integral party;f
the class routine. Thds. higher:cognitive ski{is and an appreciation of
" , - ] ) < ,




science were emphasized. Tradltlonal science courses had emphasized a
knowledge of scientific facts, laws, theories, and appllcatlons. Laboratory
activities had been used as verification exercises or as secondary
applications of concepts previously learned in class (16, 21, 38, 43).

; Finally, the new science curricula were organized according to the
structure’ of sc1ence disciplines (slmllar to the traditional science courses
of the 1940s and 1950s). The emphasis upon the structure of the d1sc1p11ne
was much more apparent, as was the emphas1s upon the nature and processes of
science. . Much t1me and effort were devoted to- 1dent1fy1ng the central themes,
the conceptual schemes, the unifying ideas, and the patterns of th1nk1ng of
each of the science disciplines. Efforts were made to d13t1ngu1sh between

science and technology. The emphasis was on pure science, doing what |

scientists do-—not on app11catlons of such knowledge (16, 20, 38). \\v
L

As we entered the 1970s, the United States seemed to have established a
preeminence in science education that matched its status in basic scientific
research (41). - gMany people felt that the pr1mary objectives of the 1960s had

%

been met and that the Job had been accomp11shed. After all, there was now a

* surplus of scientists and engineers, and the United States had surpassed the

Russians in various space projects, including landing the first person on the

moon. A small cadre of science educators realized that only part of the job

‘had been accomplished (41). Although science education had achieved its goal

of producing more scientists and engineersrrscience~was*sti11 not a meaningful

and useful subject for all students. ihe National Science Foundation (NSF)

was urged to cont1nue its work 1n the area of science education.

The early to mid-1970s, however, was a perlod of d1s111uslonment for
science educators. Political, economic, and social pressures were not

favorable to science or technology. Scciety's 1nterest in science educat10n

4
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rapidly diminished. Yager notes that "(t)he changes of the 1970s resuited in
major problems with respect to public and Congressional support for science
education" (53). By the mid-1970s, significant numbers of citizens felt that
the continued support for curriculum development and teacher education in
science was misdirected and, perhaps, in error (54). Thus, in 1976, all
teacher education funds that had been available from NSF were terminated. The
second crisis in science in twenty years uas underway. )
A flurry of activity immediately followed the 1976 cutoff of funds. A v
new NSF program to support science education was created and NSF funded three.
large status studies. The status studies were designed to assess the impact
of the 1960s curriculum development activities and to identify continuing
needs and possible new directions (6, 54).
| One study, directed by Helgeson, Blosser, ‘and Howe, reported on.the
impact of actiVity in curriculum develo znt, teacher education, instiuction,
and needs in science education (14).  The second study, co-directed by Stake
and Easley, was a'collection\of case studies designed to proVide a picture of

the current conditions of K-12 science classrooms (47). The third status

- study, directed by Weiss, was a demographic survey from which national

Ay

estimates were made of curriculum_usage, course offerings and enrollments, and

classroom practices (51).

Also in the 1970s, The. Third_-Assessment of Science was undertaker. by the

National Assessment_of Educational Progress (NAEP). NAEP examined science

knowledge, skills, attitudes,'and educational experiences of precollege
atudenta (24). _ .

In 1978%, Harms synthesiied and interpreted the three K-12 status stndy
reports and the NAEP data. This research effort ca11ed Project Synthe818.

examined K-12 science education from five perspectives; -biology, physical
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science, inquiry, elementary school science, and science/technology/society.

The research procedure Harms used was to describe a desired state for each
perspective and then to compare this ideal state with the actual state. The

analysis, then, 1dent1f1es discrepancies between the two condltlons. The

T
e

~major results of Project Synthesis and recomméndatlons for f/ture actions are

\

included in a recent NSTA inonograph edxted by Harms and Yager (13). This .
monograph is 'hmst readlng“ for teachers of sc1ence at all grade levels,

science coordinators, and school adm1n1strators. It prOV1des the most

fconprehensive analysis of where science education has been, where it is now,
| and the direction in which it must move.
Finally, in an attempt to increase the scope of the three K-12 status

study reports, NSF selected nine professlonal organizations, with different

-

-respons1b111t1es and perspectlves, ‘to analyze the studies (27) y"\'By 1981, the

‘verdict was in. The three K-12 status study reports, the results of Project
. /
Synthesis, \and the professlonal rev1ews of the status study reports a11
A
agreed: . a crlslsﬂexlsted in sc1ence_educatlon.

Yager has synthesized several conditions that illustrate the current
e
7 k -

-

crisis: 7

<

1. \Nearly alil science teachers (90%) emphasize goals -for
' school science that are directed only toward
preparing students for the next academic level (for
further formal study of science).

. 2. Over 902 of all sc1ence teachers use a textbook 95%
of the time; hence the textbook becomes the course
» outline, the framework, the parameters for students'
experlenCe, testing, and world view of science. o -

.- 3. There is virtually no evidence of science being
' learned by direct experience. L



4. Nearly all science :eachers.Ppresent"'science via
lectures and/or question-and-answer techniques; such
lectures and question/answer periods are based upon
the information that exists in textbooks chosen. .
5. Over 90% of the science teachers view their goals for
teaching in comnection with -specific content;
further, these goals are static, i.e., seldom
changing, givens (54). '
These conditions are directly contfary to the géals established by the
curriculum‘committees duriﬁghﬁhehGpldenque. Héwever, Yagérfs_findings are
" gimilar to those of Goodlad and his associates who recently completed a study . .
of our nation's schools (12). They conclude that students in their samﬁ#e»did
not appear to develop any of‘tﬁe abilities-;omﬁouly listed under "intei}ectual
development": the ability to think rationally, the aﬁiiity to use and
;;aluate.knowledge, intellectuai curi;sity, creativity, or the dggiré and
ability to pprsuq‘further_kndwledge. Only rarel;\aig Goodlad find évidence to
suggest that instruction goes beyond studentg' mere pépsession of inforﬁation
to a level of understanding the implications of that ihf;tpation and either
applying it or exploring its possible applications. T§e3e>f§?dings were Frue.
even for science classes. At a-time in our history whéh\the aévgloﬁment and
enhancement of such skills appears to be imperative,ﬂtheitwgre qn§ are being
neglected. De?éloping an&‘gnhanéing these higher intellectual‘prbcésées
shoﬁld be among the primary ;bjectives of t.c-science curriéulum.
Forfunately,»each finding synthesized by f;ger (54) relates to an
"alterable variable" (25.- Teachérs*gnd:édmipistratorg are convincéd tpat
" gcientific and technological literqcyxgre essentiél for living in modern
sociéty, and that action sh;bld'be taken .to :ever;e these trends. ©ries for
revitalizing the science and téchnology education in thé United States are
again being heard. Science tgachers; science ;oordinators,fschodl
administrators, as well as thé public in generai; #r;-séginning to realize -
L ) S _ \\ ‘ o \




that theﬁnation that dramatically led the world into the_age of technology is
failing to prouide its children with the intellectual skills necessary for the
21st century. There is a realization that we indeed must return to the
basics, but that the "basics"uof the 21st century are not only reading,
writing, and arithmetic. >The “new'basgcs" must include communication and
higher problem solving skills, as well as scientific and technological
literacy-the thinking tools that will allow our children to understand the
‘technologxcal world around us_ (26). This goal is. 80 v1ta11) important that
the Natxonal Scxence Board Commlsslon on Precollege Educatlon 1n_Hathematrcs,
Science and . Technology has stated that, by 1995, our nation "“must provide, for
all of'its youth;"a-leuel of-mathemat;cs, science, and technology educatlon

\

that is the finest in the world" (26).

Does.resea:ch Lndlcate that-the 19608 curricula were.more.effective .than..the
—-re uLar--textbook-pzograma? Did .studeat-mastery of .sclence concepts -and
pracess .skills increase? ._Are.the . oals of science_education the .same-as .in
the-196032__To_uhat_extent;ahould_socletal issues be _included in.the .science

:oE:am?

During the past ten years, it has become popular to discard the science
prograua deveioped during the curriculum development era. At the elementary
level, there is evxdence that science education is being displaced by an
emphasis on "bas1c skills" (k7). Critics of the new'science programs maintain
that students did not acqulre science. concepts, that declining enrollments
—————Indrcated-the—programs—we:e_lneffect1ve, and that basics needed to be stressed
over process skills. The cr1t1cs' contentions are not supported by the
research.

A number of recent research syntheses have inveatigated'the effectiveness.

\ !

HS: the new science curricula. The researchers who conducted these syntheses

AN

have integrated primary research results ava11ab1e in the 11teratute through

an empirical research perspective called meta-analysxs._ Glass coined this
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term in 1976 to describe the process of analyzing the results of a collection
of studles on a related topic (10, 11). Translated literally meta-analysis
means an analysislof analyses.

Meta-analysis involves calcul‘ating a common measurement for each defined
variable within a study.’ Thls common measurement compares the magnitude of
the difference between groups.and is referred to as an "effect size." Thus,
the effect s1ze measures the difference in performance of two groups on a
dependent variable such as general achievement, student att1tudes, or problem
'solving skills. _

® - ’ Insert Flgure 1 ‘é;::——

In the studies reported below, effect sizes have been converted 1nto
percentiles. Thus, results are referred to as either percent1le points gained
(for example, the average student in the treatment group performs 20
percentile points better ‘than the average student in the control group)' or,
as percent11e equ1valenc1es (for example, the average student in the treatment
group performs at the 70th percentxle of the control group, thus, the student
who performs st the 50th percentlle of .the treatment group exceeds the
performance of 702 of the students in the control group).

Shymansky, Kyle, and Alport recently;completed a comprenensive review of

twenty-five years of research comparing student performance in the new science

curr1cula at all grade levels to student performance in traditional science

courses (20, 21, 43, 44 45). In synthesizing the results of 105 exper imental
studies involving wore thah 45,000 students, they report that the average
student in classes.uaing the new science curricula exceeded the performance of
63% of the students in traditional-science courses. ‘

Strikingly similar results have been'reported by Wexnstexn, Boulanger,

and Walberg in synthesizing secondary student performance (grades 6-12) in the

new science curr1cula (50). They report that the average secondary’ student in
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If you wish to calculate the effect of fesearch results rather than
merely accepting the author's reportxng of significance or non-significance,
simply subtract the control group's mean score on each variable from the
treatment group's mean score for the same variable and divide by the standard

deviation of the control group:

treatment- Ero"p-----xcontzol group

D4

ES =

SDEontrol group

Effect size units are equivalent to.standard deviation units. Since one

stahdafa deviation is equivalent to the 84th percentile of a normal

dxstrzbutxon, then an effect size of 1.0 is also.equivalent to the 84th
percentxle. Figure 1 provxdes a convenient way of vxauallzxng such results as

two overlapping normal distributions.

1SD = 1ES

M

Control Group. .Treatment Group

—————— e ‘_ . . o : . J; s
: ‘ _Bl.th percentile of control group

50th percentile of control group
‘Figure 1

Overlapping Normal Diétribu:ions

If, for a ngen variable, an effect gize of +1.0 was calculated then the
average ‘student in the ‘treatment group would be exceeding the performance of
84% of the students in the control group. As you 'can see, using effect sizes:
and their percentile equxvalents is an extremely powerful way of visualizing
.the "real effects" of a collection of research results.

Q R | | : 34




innovative courses exceeded the performance of 62% of the students in
traditional courses on ali learning measures.

Bredderman has also synthesized research that examined K-6 elementary
school science programs and found that the average elementary student in the
new science programs exceeded the performance of 63% of the students in
traditional courses (4). The consistent pattern of positive effects for the
diverse performance measures analyzed in each of the above syntheses clearly -
establishes the superiority of the new science curricula over the courses they
were designed to replace.

Table 1 shows that students in the new science curricu1a performed uell
at the elementary, junior high, and secondary levzl on a composite basis. Of

special interest are the data for student achievement. Much criticism

regarding the new science curricula focused upon the apparent decline of

general science knowledge among students exposed to thevnew programs. At the
height of the curriculum reform movement, and even today, the prevailing
notion was that the process goals of the new science curricula were being
achieved at the expense of the content goals. The data in Table 1 show
c1ear1y that students exposed to new science curricu1a performed better on
achievement measures than did students in traditional courses that primarily

focused on content. Across all X-12 curricula, the average student in a new

gcience curriculum exceeded the performance of 64X of the students in a

traditionai science course on achievement measures. Similarly, student
attitudes were enhanced, as was performance in areas involving higher .
cognitive skills (e.g., critical and andlytical thinking, nrohlem solving,
process skiils, creativity, and logicallspatial reiationsst Further, when
studeats.in kindergarten through 9th grade were simultaneously tested for

per formance in related areas such as reading, mathematics, and communicatlon

skills, their performance~was a1so positively-enhanCed (20, 21, 43, 44, 45).

L8]
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Table'l N

Compared to Tradxtional Cour ses

'vBerformance Measure Percentile Equivalency of Students in New Science Cutricula

Creativity/
_ Process Analytic Related Spatial
Composite Achievement | Attitudes Skills Skills Skills Relations
Grade Level N %ile | N wile | N aile| N sile| N adle] N wile| N - sile
Elementary . )
(K-6) 138 62 34 64 31 61 19 71 2 52 37 57 15 63
- : e ’ ~.
Junior High P .
(7-9) 71 63 13 59 . 11 . 72 18 59 14 51 - 9 75 6 63
High School _ _
(10-12) 132 65 83 64 9 67 19 67 19 66 2 41 - -
All Curriéulg . . : :
(K-12) 341 63 130 64 51 64 56. 65 35 60 48 60 - 21 63
Adopted from: Kyle, William C., ?5. 1982, A Meta-Analysis of the Effects on Student Performance of New

Curricular Programs Developed in Science Education Since 1955:
University of Iowa. :

!

Doctoral Dissertation, The
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.Kyle alsotﬁas coﬂcerned with the problem of testing bias. One would
naturally expect students in new science cur;icula to perform better than
students in fraditionai courses on tésts emphasizing and assessing process
pkilis. _Each test, then, was analyzedvto‘de:ermine whether the treatment
group or the control group was favored, ;}‘Hhether there w;; no testing bias.
Students in ﬁe& science curricula performed better than students in
traditional courses regardless of the direction of test bias. That is, even
when the control group was favoréﬂ by the testingAbias, students in new
science curricula performed better (20).

Anofher quanti;ative synthesis conducted at the secondary level by
El-Nemr studied inquiry teaching in biblogy.(S). Manf’&f the inquiry biology
courses in El-Nemr's study used the BSCS materials, so his conclusions af?

_ gimilar to those of Shymansky, Kyle, and Alport. Ei-Nemr found that the
average student in inquity-oriented biology classes performed at the 64th'
percentile of the traditional group on achievement_measﬁres, at the 67th
percentile on prdblem;solving skills, an; at the 59th percentile iIn increased
Peréeptibn of science.

Research also indicates that the kind of science taught has.a great
influence on students' attitudes'toward science. Kyle and Bonnstetter have
recently conducted a study of-stu@gnt attitudes toward science in SCIS versus
non-SCIS classes.- Their work has shown that process-approach sciengg produces
students whose attitudes toward science Are differentmftgm;phgqemgflatqﬂents )
not following a process—approach cqursé. After only one year of this
hands-on, inquiry-oriented science éurriculum, Kyle and Bonnstetter pbserved‘
drastic attitudinal differences between SCIS and non-SCIS students. Almost
half'éf the SCiS-étudénté~chose scie;ce ;s their first or second favorite

subjéct compared to 21% of the non-SCIS students. Only 7% of the SCIS
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students indicated that science was their least favorite subject compared to
almost~202 of the non-SCIS gtudents.' SCIS students overwhelmingly wanted more
science, desired more kinds of science, and found their school science to be
fun, excitihg, intefesting. and intellectually stimulating.*

In comparison studies, then, the hands-on, inquiry-ofiented curricula
devéloped during the Golden Age of Science.Education were effective in
enhancing student achigvemént. attitudes, and higher cognitive skills, as well
as performance in other areas. The results of”student performance in these
programs are quite impressive in light of the original goai of that era: the
development of an improved and more rigorous gcierice education.that would
produce more ecienticts.;technologists. and engineers. Ironically, while
achieving.this goal, the curriculum de#élopment activitiel of the Golden Age,
in conjunction with changing saqiétai needs and concerns, lctually.contributed
to the current crisis. With all of their apparent accomplishments, the new
curricula~fai1;d in bringing abpuf mass scientific/technological literacy
among our citizenry (16..18. 55, 57). Subport for s?ience education ceased
when change wa; again most needed. The job wasn't finilhedfnin fact, it
should have just begun., Overall, studént achievement and interest in science
have been declining since 1969 (17, 24, 60). To many, the current c;isis is
more severe than the crisis of 1957,

tea;hers should recognize th#t the goals fcr science education have
changed. Because society's needs and goals have ch#nged since the 1960s, we
‘cannot simply-resurréct the old “new"” acience curricula.  Not only has
scientific knowledge increased since 1960? but society faces problems
todayf-acid r;in, nuciear energy, in vitro.Embryos--that were unimagined
thenf We must develop science curricula to ﬁeet the currédt demands for

scientific/technological literacy, while integrating those successful methods

33



and strategies of the previous era. In Table 2, some useful comparisons

between past and present goals have been synthesized from the work of Hofstein

and Yager (16). The comparisons can be used to guide our future curriculum

development. )
e Table 2 ;
. «/l .;
Comparison of the 1960s Goal: of Science Education
-wi;g/fhé Goals of the 1980s and Beyund
Dutingnthe_IQGOn _/ o : . During -the_1980s_-and Beydnd
1. The\dgmand was to produces' Ai‘ 1. The needs are related to current
" mecre/scientists and engineers social problems rooted in science
to solve perceived problems. - and technology, e.g., depletion -
’ of energy sources, fear of
nuclear enefgy. genetic
engineering. °

2. Programé were desigued to meet 2. There is an urgent need te
the goals of past times in each : recognize current societal
of the science disciplines. problems. The knowledge that
Acquisition of knowledge was should be considered important
still important. . is that which will be useful and

_ : relevant to the solution of
N social problems.

3. Science was taught as a means - - 3. " Science and technology are
of advancing kaowledge and - ’ considered to be a means for -
explanation. Science education improving sotiety. Science
was, therefore, preparing future education, therefore, should be -
scientists. ) S preparing the future citizens.

4. Science and science education 4, Science and science education
were oriented to the present . must be oriented to thecfuture in
an”’ immediate past. light of its potential impact-in

: helping to xesolve societal
problems ani concerns.

5. Science education concentrated ' 5. Science education must focus
upon the development of not only e ccgnitive skills, but
cognitive skills. ‘ ' - © upen afiective, ethical, and

sestretic understandings as well.

6. Science was viewed s vralue- 6. Today®s science is more
free, empirical sciznece. : accurately portrayed as

value-laden scieace in which
there are moral and ethical
. dimensions. BN
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7. Science demanded linear 7. 'Scxence must he concerned with

thinking and emphasized systemic thinking and emphasize
inquiry skills. > decision-meking ekills. |

8. The goals of science teachlng 8. The goals of science teachlng are
were internal to the various derived from the interaction of
disciplines of science. ' science, tachnology, and society.

seience-haa always had an impact on society. Science and aqeiety have
become 1ncrea81ngly 1nterdependent during the past fifty yeara. Many«authors

have beenfurging that a major goal of science educat1on should be to reflect

the Lnteractlon of ac1ence technology, and society‘(7 13, 16, 18, 28, 34,

.36, 37, 3¢, :5. 56, 57). We can use the knowledge that we gained from the

u

curvlculum - elopment era as we strive to meet the\current societal

needa——the educating of -a ac1ent1f1cally and technologically literate

N

“citizenry. 3 . NG

What-arerthe_lateat-and.hest~ngg§E§?a_and.materlala for-teachinE“scienqg?

Panrierums

The latest and best changea—all the time. So. vhxle ve cannot
conclusively and apecxfxcally answer the question, we can look to several
.sources for direction.

The results presented in this chapter and in recent Rational Science -
Teachera Association (NSTA) publlcatlona provide us w1th infermation to
derelop an initial contept of what is needed, what works, and wnat is
cffective in teachihg seience (3, 5, 13, 22, 30, 31, 32, 35, 36). The
‘Nati9ﬁal Comnission on Excellenee in Edueation has reported that for the first
time in the hiatory of - our country, the average graduate of our schools and
collegea is not as well eaucated as the average graduate of the\greceding
generatlon (25). What should be even more dxsheartenlng to 8c1ence educitors

3

'at all levela, kindergarten through college, is the knowledge that within the

context of the:modern sc1ent1f1c revolutlon “we are raising a new generatlon
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of Americans that is acientxflcally and technologically lllxteratc“ (25). It

is apparent that sweeping and draatxc changes are neceaaar; in all/ac1enceA

curr1cula if, by 19955 we are to meet the goals for the 21st century proposed
Y

by the National Science Board Commission on Precollege Education in®

Mathematics, Science, and Technology (26). \
It appears that we,afe(a;out to enter a cycle'of educational reform not

e
only for sciences educat1on as a discipline, but for education as a whole. .

.Thia reform ahould rival, in expectations and ideas, the reform era of the
l§603. We must, however, ensure that the 1990s do not become a period of
dlaxllusxonment and regresalon as was the 1970s. We must use our knowledge-to
articulate a sound ac1ence\educat1on curr1culum for all students, eapecxally

. e s
those who may/not become scientists.

In searching for excellence, Penlck and Yager note that knowing what
works is a conaiderably more dxrect rcute to success than knowing a lot of
things that don't work (37). Thus, the 1982 NSTA Search for Excellence in
écience Education was a logical next step to the status atudxea of the l970s.
The goals and the general description of the. desired state for each of the
five focus areas 1dent1f1ed in Project oynchea-s were uaed as cr1ter1a in
defining excellence in school science programs (13, 37 58). Fifty-four
examples of excellent science programs-were identified throughout the U. S. in
1982. | . : <

Penick and Yager report that certain characteristics are common to
exemplary programs (37). They are all designed to be excellent. Exemplary
programs do not gimply rely on rout1ne textbook selection. A considerable

amount of time is spent on developlng the curriculum, on organlzlng how it

will be presented, and on encouraging teachers to work as teams.

4
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There is often a single person who can be identified as providing the
methods for the curriculum development. These leaders are able to bring about
the deslred change by stimulating the active“participation of other facnlty
members. The administration £; supportive of such efforts and many teachers
receive release time to develop the.curriculum; State-level science.
supervisors, university faculty members, and community leaders are frequently
consulted. | | “,_.

In exemplary programs, the teachers are involpéd heavily-in staff
- development activities. Seveial yzars.of inservice effort, lneluding
extensive summer sessions, have helped in developing and organizing the
curriculum. - . .\\

The courses focus on process skills althouéh eontent 1s algo stressed.

The courses are directed-at the maJorlty of studeuts, not just the college

N
AN

bound. The courses are deSLgned with sc1ence appllcatlons in mlnd.

Finally, the curricula ugsed in exemplary programs are often locally
developed. Many-are adaptatlons of national currlcula of the past two decades
and/or usge aetiv1t1es from a combination of such rnrrlcula. Textbooks tend to
play a secondary role as resources and references. 4

Elementary schools are an essentisl component of a sound science
education program. The process of developing a student 8 understandlng ofb
»sciencc must begin early. Further unless children and young adolescents are
‘exposed to science‘early, cften, and favorably, they willi not develop the
interest or knowledge necessary to be sc1ent1f1ca11y literate. Penlck and
Johnson have generalized charscterlstlcs of exemplary elementary science

, L N~
programs: . N

1. Science is taught--and, it is taught more, in terms
of time, when compared to national norms.
Nationally, schools.report an average of 100 minutes
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of science per week. Exemplary programs average 145
minutes per week, and the teachers maintain that they
need even more time. These same schools also spend
more time in mathematics and social studies.

2. These programs emphaéizé hands-on science, inquiry
strategies, and student decision-making.

3. ’Teqche:s are enthusiastic; they claim ownership of
the programs.

4. Teachers read professional journals, attend workshops
an@'conferences, take college courses, and present at '
professional meetings.

5. Many\bf these progfams use activities from ESS and
sCIs., R

6. Societal issues are frequently a focus of study;
rarely is the classroom a boundary (33).

Thus, the teachers in exemplary pfograms ptovide a stimulating
environment, promote induiry, #nd pla; a major role in developing the .
curricula; students actively do science: they idehtify problems, make
decisions, and learnm hov to learn;‘administr#tors are supportive, are ° ,
involved, and ﬁrg#ide resources; and finally, ?he comnunity recognizes the
. importance of good quality science programs and supports such programs. These
faﬁtors are positively relsted to studeﬂtd develoﬁing the scientific literacy
necessary to function ip thé téchnologiéal agé.of the future (33). Further,'
Penick notes that the gize ﬁf the budget;'the.shhool; or the community are not
limiting factors (31). He says, initially; the teachers are the most -
_significan; faqtor. »Tgééhers in each of the exemplary frograms want to teach
science. They are dynamic, thoughtful, young-at-heart, eagér to learn with
;heir students, and they‘aré professional eaucatofs. He also‘ngﬁes tyat
admini;tr;tive ané community support %ﬁc eggeptial. While Project Sy;;hesis

offered a‘'picture of the desired state for science education, the Search for '

Excellence provides examples of exemplary programs in real schools.
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ptogram?

.Teachers, curriculum coordinators, and administrators are currentlp'
‘atruggling with the problem of how to improve the quality of the science
leducation proVided all students to ensure a scientifically and technologically
literate citizenry in the future. Some commonly asked questions are. Should
we increase the amount of time for school science? Should we increase the
amount of laboratory work? Should we require more science courses at: the
secondary level? Should we e emphasizing process skills or science content?
Should we be including societal issues in the science curriculum? n

Schools will not, and cannot, change overnight. Sigda notes that it
takes four to six years to totally develop ehd revise a program before it can
be used in science classrooms (46). Once in place, a program ‘must be
constantly monitored and updated. Schools cgn,\however, slowly rev1se,-
develop, and update existing cutricula--as part of a logical development
plan-so that improvements are not delayed until 1990. )

Merely increasing the number of hours spent in science classes, the

\

-amount of laboratory work, or the number of required sCience cour<es, by
themselves, will produce neither exemplary programs nor scientifically
literate graduates. A well-articulated and well-coordinated science
curriculum that balances process skills and content; that provides students
with opportunities to identify and golve problems’ that enhances higher
intellectual processes; that goes beyond mere possession of information to
applications° that incorporates societal issues; and that maintains a proper
continuum from kindergarten through 12th grade is required.

'It must be emphasized that exemplary programs integrate a baiance of

science processes and content. Finley indicates that students performance of

science processes'is dependent upon their knowledge of relevant concepts ).
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Laboratory act1v1t1es are also essential elements of'exemplary programs since
they enhance the development of inquiry and problemrso1v1ng gkills. Hofstein
and Lunetta note that laboratories assist in the developmen. of manipulative
and observational skills, of scientific concepts, of positive attitudes, and
of skills,in cooperation and communication 15) . -

This balance between processes and content is also likely.to enhance
studeut attitudes toward:science. Steinkamp and Maehr note that'students are
"nost likely to feel positively:tobard science as one actualizes one's ability
through sci.ace achieVemeutq_(48)- Thus, as in any endeavor, it is primarily
the acquisition of proficiency that leads to positive attitudes.

A substantial body of interesting, imaginative,'and educationally sound
material was developed by'the gcience. curriculum committees of the 1960s; most
~ of these materials are not obsolete (1). The regearch syntheses of Shymansky,
Kyle, and Alport;.Weinstein, Boulanger, and Walberg; Bredderman; andvﬁl-Nemr
‘support this contention (45, 50, 4, 8).‘iArons ites-two primary causes for
the apperent failure of the new science'curricula: inadequate logistic
support (i.e., administrative support, individuals responsible for the
maintenance and re-supply of materials, financial resources); and the lack of
properly guided 1nserv1ce for teachers. The Searcn for Excellence’reports
indicate that exemplary programs prov1de the necessary logistic support, as
well as provide and encourage extensive and comprehensive inservice
opportunities for teachers (3, 30, 31, 32, 35, 36). ‘

Since 1957, science education programs across the nation have
successfuily prepared future scientists and engineers for furthex study and
careers in those disciplines. It should be apparent, however , as evidenced by
a steady decline in student achlevement and attitudes”toward science, that

science presented in the way it is known to scientists is not inherently
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interesting to all students (16, 17). For over twenty-five years now, science
educators have adhered to a goal that is appropriate for only 32 of the high
school graduate3. During that time we have failed the majority of the
citizenry whose lives and work are affected daily b; advances in science and
technology. Jackson maintains that science educators should focus on twoh
goals in developlng exemplary gcience programs: more science instruction and
a d1fferent kind of sc1ence 1nstruct1on. He asserts that science instruction
must become "sc1ence for all," as opposed to "sc1ence for future sc1ent1sts
(19):. In effect, then, new courses should model the previously cited
exemplary programs and teach sciznce in a way that brings relevance to daily
living and to current_social issues. .Similarly, Miller states that for
scientific literacy to become truly relevant we should not only focus on the
trad1tlona1 understandlng of the norms' of science and knowledge of scientific
constructs, but also foster an awareness of the impact of science and
technology on society (23).. |

Finally, Mary Budd Rowe maintains that a full science program should
consist of four interdependent parts:. ways of.knoning (i.e., What do T know?
Why do I belleve it? Wwhat is the evidence?); actions/applications-(i.e., What
do T infer? What must I do with what I know? What are the options? Do I
.knon how to take action? Do I know when to take action?); consequences (i.e.,
Do I know what would . happen?)° and value (1.e., Do I care? Do I value the
‘outcome? Who cares?) In all but exemplary programs, the pr1mary focus of
science 1nstruct1on 1s.on "ways of know1ng"--w1th most of that attention on
what we are supposed to know. Yet, the three missing components 'are
prec1se1y what are of greatest interest to the majority of students" (40).
Exemplary programs of the future must follow the lead of existing exemplary
programs and integrate the missing ingredients in order to improve the quality

and appropriateness of science instruction. ‘
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Summary .

Recent research syntheses demonstrate.the effectiveness of the
hands-on, inqeiry-oriented science curricula developed during the:19603.
and eariy 1970s. Evidence shows that students_in guch courses had
enhanced attitudes toward science and scientistsi/enhanced higher-level
1nte11ectua1 skills such as critical thlnk1ng, analytical thinking,
hproblem solving, creat1v1ty, and process skills; as well as, a better
understanding of scientific concepts. Inquiry-oriented-science courses
also enhanced student performance in language arts, mathematics, social
studies skills, and commnnication skills. | |

' Wlth informstion gained through investigation of the efrectiveness
of the new science curricula and by looking at exemplary sc1ence progtams
today, we can denelop a concept of what's needed, what works, and what's
effective in teaching science.A Educators at all levels are strnggling
with the problem of hon to improve the~quality of science education to
ensure a scientifically.and technologically literate citizenry.

| Exemplary programs of the future can examine what we currently know
about effectlve science programs and 1nstructlon to 1mprove the quallty

. of science education for alui.
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* Kyle, W. C., Jr. and Bonnstetter, R. J. July 1984. An analysis of student
and teacher attitudes toward science in SCIS versus non-SCIS classes. A
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Is,theqe,substaqtiaLfagreemegq-sd{ﬂje_goaLs-ﬁgresciegce instruction?.__If
8a,.what are_they? ’

The last major shift in science education-goals occurred some
twenty-five years ago. Goals espoused then--to meet demands for more
scientists—-were justified by the aocxal conditions "of the time-—the
Soviet's launched Sputnl@_l in 1957. Since then, social expectatlons of
schooling andﬁof science have changeh=great1y. However, the goals
espoused. by today‘s-science programs are-essestially the same. Even in
‘the face of the "infor;atisn age;" a set of gosls reflecting current
social conditions has not yet'emcrged. |

While there is no agreement on the goals of science-eddqstion, a
consensus appears to be emerging. It is important that the schools of
‘today be responsive to the society tgey serve and that scheols try to
anticipate the world in vhich studénts will live.

In support oF this position, iet us examine some current ;oals ef'
science educatxon and who holds them, the emergence of a new consensus on
science education goals, and how school practlces can be ehanged to'
reflect this new conseng¥~. ° : ‘;

In examining some of the current goals.of scierce education, the
findings of the National Science Teachers Association's Project Synthesls
are perticularly iliumihating (105. The‘ﬁurpose of the project was to -
examine the status of science education at the elementary and seeendary\
1eve1s in the 1960s and 1970s and to make recommendations regarding
future practices in science education. Four comprehensive data bases
were examxned to ensure the validity of the recommendations (11, 17, 28,
32). For the'purposes of the pro;ect, science education goals were

divided into four broad categories. Goale regardxng individuals'

|




preparation to use science to improve their own lives and to live in an

increasingly technologlcal world vere grouped under the category of

personal_needs. Goals pertaxnxng to prcpa.lng citizens to deal

responsibly with science-related social issues were grouped under the

——“categury—of—tq;ie*:i&aegsum~Goals—pertainiag—eo—aequizingencademic_ﬂ_m” R

knowledge of science required by individuals likely to pursue gcience .
academicslly and professionally were included in the third category,

academic_preparation, Goals pertsining to the acquisition of knowledge

and utilization of knowledge regarding the nature and scope cf scientific
and technological careers were included in the fourth category, career
education. The desired state of science education was-described using
et ————

this framework. The desired state was_ then compared with the actual
state of science education, resultlng in a description that could be used

?

prescriptively., )

The most strlklng flndlng of ProJe:Q;SyntheSLS was that goals that
could be included within the third category, academic’ preparat1on, were
almost the-exel%sxvs focus of sciemce teaching in our schools (10).
Goals pertaining to personal needs, soc1efa1 ;ssues, and career education
were largely lgnored in classrooms and in textbooks.. The,reaeons for
this can'bewfoundfby—examining~common~schoo1 practices, the influence of
textbooks, and societal pressures.

Teachers, for the most part, determine the goals ofgécience
education pursued in their elassroome,);They make the most important

_decisions about:course contentfiﬁgfinstructional methods (28,‘32)0

Teaehers' 1nvo1vement in the selectlon of currxcular materlals far

U exceeds that of” exther dlstrlct superVLsors, prlnc1pals, superzntendents,

school boards, or parents (32). Even _though most decisions about text

¢ : . . [
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adoptions are made by representative committees at the school or district
level, teachers .8till have considerable autonomy in the'way these
materials are used to teach science (28) Within the limits set by the
administration, this autonomy may be expressed in teaching style, in .
“gelection of text and text supplemnnts, in assignment of grades, and in
many other ways.
In day—to-day practice,‘teachers'fail to consider the ultimate

ility of the science knowledge and skills they teach (37 39).
Preparing students for specific examinations and later coursework appears
to be the primary'goal of most science teaching. Little regard is given
to preparing students to use science in the personal, societal, and
career decision areas (3, 8 10, 27). Teaching practices are guided by
factors that contribute to the socialization of students (e.g., teaching
students to learn from books, to attend to directions and lectures,.to
prepare for later coursework). These practices,  for the most part, are
encouraged by parents and school administrators, but conflict with the
practices encouraged by the science education leadership (16). Such
practices may well be caused by the 1ack of sufficient numbers of
properly trained science teachers.‘ They also may be the reason why a
majority of students believe the things they learn in science clasges are
dull, afé no fun, and have little relevance to the ‘real world (37, 39)
) Interestingly enough, there is a major gap between teachers' stated
expectations\for their students and their teaching practices. Teachers
at all grade levels, when responding to questions posed by John Goodlad
and his colleagues, stated that they wanted students‘"to be able toA
compare and contrast phenomena, explore the interrelationships among

living things, interpret environmental changes, make inferences from



oata, formulute hypotheses, observe and classify, develop habits_of
inrquiry, and so on" (9).. However, observations in classrooms led Goodlad
to conciude that "teachers were not able...to square their performance |
with their theory" (9). Other researchers contend that classroom
“practicer reflect neither an enphasis upon inquiry and prooiem solring
nor a concer ‘or technical and societal issues. Further, they find that
these prsctlces are not v1ewed as 1mportant by teachers and school
sdmxnlstrators (10, 39). Observations by Stallings and her colleagues
support this contention (27). They further obserVe that students iv
generai science courses receive more workbook sndureadxng assignwents and
interact less with materialss,than students taking advanced courses.

These orsctices persist despite research findings that suggest that 1
"hands on" sctivities"snould precede more abstract egperiences and that
gcience taught in this manner is likely to prescnt a distorted picture of
science learning. These are but some factors that }suse fewer,students
to take advanced. science courses;

P

Current science teacning is marked by the almost total relisnce'on
textbooks that present science as “fundamentallknoyledge“'(37). Stake
and Easley found that teachers rely on ‘textbooks at least 902.of the time
snd that the typical method of iesson presentation is "agsign-recite- .

. - ¢
test-discuss" (28). Thebreliance on textbooks is also verified by
'studentoresponses to affectivevitens, which were part of the National
Assessment of ‘Educational Progress"(NAﬁP) in 1978 and included in a
survey administered by Hueftle sno her colleagues (i3 17). Stuoents
be11eve that the textbook 1s the major determiner of content studled. In

other words, the curriculum infrequently ventures beyond the boundarles

set by textbooks. Stake and Easley furthe;”suggest that reading is the
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primary modle of science leerning in our schools. Parenthetically, it may
be useful to think about the impact oh poor readere of thie reliance on
the textbook. Because poor readers are unable to process the informatien
printed in the science book, they are “punishedd twice for the lack of
reading skill. ) .
Several analyses of textbooks have been conducted. Sinee the
textbook is central to science education Enactiee, it is interesting to:
note what is included--and excluded--in widely used texts. The textbooks

\
most frequently used in all science d18c1p11nes at all levels are, for,

the most part, devoid of the'eharacterlstlcs representative of any goals -
other than academic preparationl(16 23, 37). For example when the most
widely used blology textbooks were examlned, possible learnings about
insects that seem partlcularly useful in p;oples everyday lives (e.g.,
damage done bylinéects, ways of controlllng harmful insects) were not
inciuded. -Similarly, activities that would reflect the societal
relevance of 1nsects "(e.g., economic impact of insects on fdod“eupplies,
necessity for the use of ‘insecticides in agriculture) were not evldent.
Likewise, leernings to foster career ‘awareness (e.g., job descrlptlon of:

9

insect exterminator or entomologist) were not found (16). Taxonomical
" information, the description of insect body parts, and the behavior of

social insects ;epreeent the breadth of infotmation presentea in most
~biology textbooks. ' L e/ B

The insect example appears to be representatlve of the content found
during reviews of most other seconda:y schoql textbooks'(z, 33). In
these reviews, places in the textbooks where information or activities
pertaining to the other goals could be easily and logically integrated

were noted.
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Elementary textbooks fitting the categories "widely used texts,"
"NSF funded curriculum,h and "new generation texts" were also reviewed
(23). The genetal description of the '"widely used texts" matches that
for biology textbooks described above. The textbooks included in the
categories "NSF funded curriculum" and "new generatlon texts" emohasized
the goals of personal needs, societal needs, and career education better
than elementary textbooks widely used (25).

Personal, societal, and career educat}on goals seem, then, to be

# -
giuen little tonsideration by authors and’publishers when developing
scienee textbooks. :The scarcity of information_and activities found in
science textbooks at all levels_relevant to these goals is evidence of
the.low_priority that is given to learning experiences that will help
orepare students for the problems they will face in the_futute;

Textbook authors and publishers—cannot be held responsible for the
lack of information and_activities pertaining to.the personal, soclietal,
and career educatlon goals. They respond to.the market: what teachers
want to teach and what the pub11c belleves should be taught. Our
nat1ona1 concern for “keeping up with the Russians" and "meetlng the
industfial chailenge'of Japan," has recently been reflected in several

documents that report on the status of education (19, 24, 29). Among tne

. recommendations are calls for at least three courses of hlgh school

science fogﬁfli students, more time for thé teaching of science at the

elementary grades, and more rigcrous content in textbooks and other

. ‘\\\ ) . ' ’ .
curriculum materials . Unfortunately, increased rigor is being
interpreted in much too-narrow a fashion, namely as science that concerns

~
~

itself with only the‘concents,‘laﬁs, and theories of science.
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This' current interest in improving science education seems to be founded

on the wrong premise; it does little to foster the goals of personal
needs, societal issues, and carzer education.
In concert with the mood of these recent reports, parents and school

personnel recognize the need for minimal competencies in science;

however, these competencies are given low priority when compared to
reading, spelling,‘writing,'énd mathema;ics (10, 28). The decline in
financial support for'éddca;ion!}n the sciences and the diminishing time
a}located to science in the early gradéé suggests that funding agencies
and the publiE place little value on gcieﬁce'educggion. Conferees at the
Exeter Conference on Secondary School SFiehce Edu?ation contended that
this is.because_the.publiﬁ gees what is being taught in science classes
as not relevant to today'slproblems (Zf). However, some science courses
are given high priority; for example, chemistry and physics for brighter
sfudents are protectedrtenaciously by teachers tesponsiblg'fot those
courses and these courses are viewed By'the public as nééegsary for
preparing future scientists (37).

In summary, then, the sehool ptacticés in science education that are
most evident today reflect goals that were eétablighed in the late

1950s. The primary goal of that time was to produce more students who

would pursue further studies in engineering and science when they went to
collegé. The future engineers and scientists, then, would help regain
_Ametica's,pogiéion of prominence in scientific applications. The other '
three goal areaé we have fndentifiéd--personal needs, sociai iasueé; and
" career education--were largely ignored in classroom p:actiqes, in
textbooks, and by sqciety; exceft aé,they f?t into the national press for

more scientists. ' S s
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' However, as early as 1962, the Educational Policies Commission

published this statement:

The schools should help tomrealize the great opportunities

.........

which th; dovelopment of sc1ence has made ‘apparent in the

worlo. They can do this by promoting understanding of the

values on which science io everywhere based. Although no

particular scientist ﬁay fully'oxemplify all these values, they
b

characterize the cnterprise of science as a whole. We believe

that the follewing values underlie science:

1. 1ooging to know and to.underetand,
‘2. questioning of all things,

3. . search for data and their meaning,
4, demand for verification,

5. respect for logic,

6. consideration of premises, and

7. consideration of consequences (5).

Clearly, if these vaiues.were imbedded in the science curriculum
studied by all students, we would expect to see eduoational objectives
similar to thosé_repo;ted by teachers to Goodlad. Moreover, we would
expect to see practices relaFed to tae values enumerated by the
.Educational Poiicies Commisoion. -

Neverthelesk, science as general education shows no sign of either

' belng cons‘dered as one of the "bas1cs“ or of gaining substantial public

support (11). "The !ow amount of time (allocated for 8c1ence) in the
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elementary schoolé and relatively low percentage of teachers in the
secondary schools suggest some lack of certainty about the importance of
science as a field of precollegiate study"” (9). However, the leadership

of science education as a profession has consistently worked to overcome

this percepﬁion of science as an elitist subject. While there is no

unanimity of form or content in the g&alb'stateﬁith“fﬁEt‘hﬁVé“bEen
articulat?d ﬁy various.grégps and individuals who constitute the national
leadership, there is clgar eVidencé of a growing consensus. Consider,
for example,‘thig statement by Paul D. Hurd about ﬁhe goals of science

education. He identifies four large purposes of science education:

o sensitizing students to expect and anticipate change;

o recognizing that the future of human beings and the quality of
1ife are not capricious; '

o enhancing students' self-—concept so that, as individuals;
students can use knowledge of science to make decisions that
can lead to a more desirable world; and

o helping students to acquire capacities to cope with changes, as
well as to shape changes (14). :

Hurd wants to see science taught as preparation for life in a changing

world. More specifically, he wants schools to prepare children for life

in a democratic society in a changing world.

Simpson and Anderson, in a textbook intended for use in university

classes preparing students to be teachers of science, offer & description

of the "scientifically literate person." This description can easily be

converted to goals statements congruent with those of Hurd and of the

Educational Policies Commission.
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The scientifically literate person:

o has knowledge of the major concepts, principles, laws, and
theories of science and applies them in appropriate ways;

o uses the processes of science in golving problems, making
decisions, and in other suitable ways;

o understands the nature of science and the scientific enterprise;

) understands the partnership of science and technology and its
interaction with society; '

o has developed science-related skills that enable him or her to
function effectively in careers, leisure activities, and othex’
roles; a o

o possesses attitudes and values that are in harmony with those

of science and a free society; and

o has developed interests that will lead to a richer and more
satisfying life and a life that .will include science and
life-long learning (26).

Does-research- iue-us_a_pictuze_of,the_cu::ent-thinkin ~about what’
today s_goals-for-science education should be?

As identified by thelﬂétional Science Teachers Association's
accomplishments.ghd needs study, the appropriaté setti;g for any
consideration of écience education is the interdependence of science and
society (21). As a young discipline,iscience education should be
concerned with the relationship between science and roiety, Qith
interpreting science to society; and with inte:preting and studying the
effects of s;iénce.on_society (34, 35, 38).

Part qf the emerging cbﬁsensus, then, suggests that the most
significant.influence upon.bcience tea&hing at all levels should be
current societal issﬁes and pgoblems. From_s;ch a frame of reference,
values, goals, and obje;tives of science edﬁcation can be fotmulated to

meet the needs of our gociety and of students.
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Science process skills and general inquiry processes are essential
and generallzeablev1nte11ectual procedurecf Students need to have the
opportunity. to experience science as inquiry} as well as to learn about
the products of innuiry (33).

Goals need to be generalized in the area of problem solving.
ProBlem solving should not be testricted :6 solving problems that are
bound by speclfxc science d18c1p11ne8 (35). Problem solving, in a more
general sense, ghould involve the use of scientific knowledge in meking |
decxslons in a real-world context (3, 13). In sucn a context, problem
solvxng shifts from uncoverlng correct answers to dlscxpline-bound.
problems to investigating less-tnan-pcrfect glternatives to
science-related problems. Students then.nake choices that will increase
pdsitivc.outcomes and minimize negative side effects. Scudents need
practice using problem—solving skills in the context in which these
skills are likely.to be used; they cnnnot be expected to transfer
problem-solv1ng sk1118 learned in a restrictive sclentxfic discipline to
new situations that demand both scientific information uuknown to the
students and problem—solving gkilis difierenﬁ from the ones they know
as). |

Career awareness needs tolbecome an inteéral, rather than
incidental, cdmponent of science.iearning i6,‘35).. Career awareness
activities can provide opportunities for students to learn about
ccientific and technological careers that will be in demand in the
future. .Ihe biographies of histocical people do not adequately represent:
current career opportunities; thus, they are of little benefit to

students in making career decisions.
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Science education has tradltlonally emph381zed/1ts value-free

concepts and activitie83, However, studente,need learn that science
A / ,
and applications of science influence social isgues that are value
laden. Of necessity, thinking.about and styd&ing value laden, moral, and
etﬁical jssues must be a part of science ccurses &, 7, 30, 37).
. ey

This need, of course, canrd>t be met by prescriptive, dogmatic
presentation of the "answer" to complex-issues about which reasonable '
people disagree. In fact the 1nc1u81on of soc1eta1 issues in 8c1ence
courses w111 lead students to an understandlng of the 11m1ted but
important help that science provides in forging solutions to 1mpoxtant'
sociztal issues. | |

?etheps the most exteneine and necessary change in the goals of
science education is the addition of attentlon to the relevance of |
scientific knowledge to soc1etal issues and human needs (3). foals
pertalnlng to the nature and structure of the discipline must be balanced
by other premises for selecting the content to be 1nc1uded in science
courses (10). More attention must be directed towa;d the impact of
scientific and technological advances on a variety of societef issues,
including human engineering, use of natural resources, envifonmental

quality, and energy availability and use.

Attention must also be directed toward preparing individuals to’use

4]

science and technology to improve their lives and to adjust to changes
taking place in the world around them (35). This can be done by
organizing science programs around themes like the human being, human

potential, human advances, and human adaptation (3, 34).

. i | ' | (;E; ' | .



In sum, those goals fhaf réflect’the gmergent éonsensus contribute
to the development of scientifically literate citizens: .citizens “who
understand how scieﬁce, technology, and society influencé one another and
who are able to usekthis knowledge in their everyday decision making"
(20, 36). Such a cit%zen is the féundation of our democracy -

To be sure, widespread debate is to be e;pected and welcom;d'before
the goals of science education are established in a.definitive WY .

Redefinition will ~nly come abou; “through the involvement of science
teachers, other educators, acientists and technologists, and the public
as a whole" (3). .

Haw_must -school prastlces change_to reflect_current thinking about the
guals_uf_sCLenre_educatlnn? -

The application'of science to problems Qf personal and societal
:elevance'must be a common theme at all levels of science education.
Concern for-fersonal and societal relevance isvnq: likely to evolve from
a science currlchlum that treéts personal.needs:and:societal issues as
problems to be solved by others. Nor is concern likely'to evolve when
personél needs and societal issues are not régularly_in?luded ir science
- programs or when they are treated as things to hear about rather than as
things to be acted upon. The solution is reﬁhinking what is important
and relevant to the student. //_

A useful way to begin a'considera;ion of relevance is offered by
Marleudd Rowe._ She has proposed a list of questions.that adolescents
_ask themselves and those around thém. Thése queétions are: .

1. What kind of country is this?

2. What valuea control activities?

3.- Where do I fit in? 66



4. Do they expect me to succeed or fail?

5. How much effort do‘I aeed to make?

6. 1Is success worth the effo;c?

7. Can 1 get help?

8.. Do I have the energy and endurance?
gy What hnppens"if’Iido"not'make”the"effort?;““““_““”
10..'Hhat am I up against? What is the competition?
11. What difference can I make?

12. Do I care? Does anybody care? (25)

Whlle the questlonlng process ‘described by Rowe may not be overtly
conducted by adolescents, it seems clear that mucn adolescent behavior
can be understood with reference to this search for meaning. If we
compare these questions to the acnool curriculum, do we find a match? In
what ways do school practices help adolescents_answer these questions?

In order to use science to resolve'personal and societal problems,
students:must understand the oroblems and now science is relatéd to
them. _Furchecmore, students must have a chance to learn appropfiate
methods of problem solving; froducing student outcomes such as these is
possible by using one of at least two general curriculum designs. In
one, science would be presented in the context of personal needs and
socletal issues (15). Us1ng these themes as organizers, the curriculum
may vary from lecation to location, reflectlng communxty desires (12).
The second alternative would be te organlze science courses around the

'stractore of the particular science d1sc1p11ne, but with content
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energized by frequent reference to relevant personal and societal
problems (2). This new curriculhr focue would emphas%ze the utility of
science knowledge in resolving persistent.real-uérld problems and would
"provide students with opportunit;es to:participate actively in such
ap}liﬁatiﬁns"‘(IO). . /

<

Teaching basicfﬁEienée’knov}edge“shoﬁld also-be considered—a-common - ... -

theme of science programsiat al} levels (3, 37). A basic understanding
of the knowledge of science proaggtg and processes'is necessary not only
for those students iﬁtending to pursue cg?eers in gcience and
engineering, but for all students.fvSuéh“baéic science knoéledge is
.necessary to enhance the generaL.societal welfare and to meet the future
personal needs of ;tudents. Moreover,‘the ngqﬁ to understand the
knowledge of science prodﬁcts ané'yiocesses can be eﬁhanced;;hrough
knowledge of science-related issues (3). Only when students reach the
point of using knowledge of science can more and better aéqﬁisiéion be
expected. |

Specific changes in the science pract;ces at the elementary, middie '
school/junior high school, and high séhool levels must also come about if
a new consensus on science éducation goals is to be realized (10). At
the elementary level, science.outcomesrmust bé valued and considered
worth pﬁrsuing by teachers, principals; and parents. Misconceptions that
"inquiry has b;en tried and does not work and that ;iscqvery-learning,

'

hands~on demonstrations, and field study are unproductive must be '

[y

dispelled. Mahy of the barriers to.a successful elementary science
program stem from a lack of support from school adqiﬂistiato?s and the
community. These barrigrs"mpst be overcome.‘ In mahy instances,
availaBle elementary curriculum programs could be impleéented to match

' the goal shifts“éuggested by the new consensus. ‘;EB




The primary goal of science education at the middle school and

- junior high school levelgmust shift from the preparation of a few

.
-

students fot future coursework to educatlon of all students for future

life. Science learning that could be defended only because of its-
"ytility in advanced courses or ‘in 8pQC18llzed fields" would be given
‘lower priority (10j. Im conJunctlon w1th this shift, problem-aolv1ng
skills and laboratory act1v1t1es that make clear the implications of .
scientific principles and technologxcal developments for problems faced

by individuals and by society would receive increased emphasis (1).

" At the senior high achool‘level, general'acience education courses

as well as: college-preparatory courses would be offered. Thelphyaical

AN
\.

science and 1ntroductory biology couraea--becauss they" are taken by the
\

-maJorLty of college bound and non-college bound studenta--would atresa

topics of peraonal and aocxetal relevance (35). EMphasla wonld be placed
_on the human apec1e8 and how the human apeclea interacts wltﬁ‘the

\
physical and living world. In addition, new. courses would be offered

- that . would not stress the structure® of a partlcular science dlsclpllne
but, ather, would focus on the appllcatlona of sclence and technology . to
,dally life and would prepare .students to participate more effectlvely ln\

the affairs of a scientific and technologlcal society. Such” courses

>

would offer attractlve optlons to atudenta who now’ take no science beyond: .
introductory blology. _ _f : .. o N

Academlc college-preparatory courses_1n_h1nlogyJ,chemlst:y,_and_______

>

physics would continue to be offered at the senior hlgh achool level. .

However, intertwined with the principles, facts, and processea required

o

¢ A3

for further study would be learnings desigred t6 emphasize the

<.

'
. . B -
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relationship of scientific and technological advancements to life and

" problems of the future..

Suxmnarz | ) .- ' .

Science educatlon programs are under considerable pressure for a
change in the direct1on of the utilization of knowledge. Analyses of
existing programs reveal that d1screte knowledge, in and of itself,
vcontinues to be the emphasis of all programs.' While advocacy éroups of
the pastlhave urged that science course content be rewised and updated,

it is now the basic goals of scienCu education that are being

reassessed;l Us1ng the 1nterdependence of science and soclety as a frame

2

”~

of reference, the goals of science education can be reformulated to meet
,the needs of our changlng soc1ety, The new science curriculum would be a
" demonstration of the realization that sc1ent1f1c knowledge is made
concrete when it 1nfluences career cho1ces, helps to solve social -
problems, and results in a richer life for the individual; It is this

mixture of goals——for academic, personal, social, and career

applications-~that appears to define the new consensus.
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IN SCIENCE EDUCATION
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Clifford A. Hofwolt, George Peabody College for Teachers, Vanderbilt University

What can teachers do to increase their effectiveness in‘Eﬁiwscience
classroom?! Are there methods and instructional strategizs =ist are more
effective than what teachers currently use?

Tﬁe current cfigis in science education in our pation's elementary,
middie, and gsecondary schools haq.received.widespread publicity throughout
1982 and 1983. The crisis is made Qore apparent by the results.of three
National Science Foundation (NSF) studies conducted in the late 1970's that
characterized science teaching practices (6). Thes: NSF studies and other

reports describing science teaching practices, relatively unchanged since the

1950s, indicate that: (H5—22,-23) ° e

1. The predominant method of teaching wbserved was res.tation
(discussion), with the teacher in control, supplesenting the lesson
with pew information (lecturing). The key o ¢ information was
the textbook. :

2. The secondary school science curriculum was srdinarily organized
with the textbook at the core. The textbcok determined the course
content, mode of instruction, and evaluaticu. The most significant
curriculum decision that teachers madz was their choice of a
textbook. Once chosen, teachers attzmpted o cover all the content
in the book, mostly in the order deteriined by the sequencing of the
textbook, with instructional aids provided or suggested by, the
teacher's guide. : :

3. The next most frequently observed activity, the demonstration, was
conducted in two out of five classes once a week or more. :

4. Student reports and projects were used once a month or more in half
of the classes. Other teacuing techniques were used infrequently or
not at all.

5. The textbook's dominance of the curriculum tended to discourage the
use of inquiry techniques that require students to do more than look
up information in the text and th.en to recite or record it.

Students were found to engage rarely in activities for which the
answers were not provided by the textbook or the teacher. Many
activities in science classrooms were nothing more than workbook
exercises in following dircections and verifying information given by-
the textbook or teacher.
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6. A priucipal justification for science at every level was the
preparation it provided for the next level. The goals of ,
" instruction were commonly limited to specific knowledge and specific
processes. Evaluation of success in science emphasized definitions

and knowledge dimensions.

7. Time spent in vqrious insfructional arrangements did not differ
significantly for the various grade levels. Approximately half the
time, the entire class was arranged as a group; one-gixth of the
time, it was divided into small groups; and about one-third of the
time, students worked individually (11, 22, 23).

Ihesg characteriétics continue to be éresent.in maﬁy classrooms today.

Wise and Okey analy;ed currené fesearch reports to give u# a description of
the typical or traditional classroom (21). In such classrooms, students are
not aware of the instruc%ional objectives. Most questions asked in the
classroom are posed by the teacher, are primarily fact~oriented, and do not
rgflect any preplaﬁning on the part of the.feacher. Students usually have few“
opportunities to manipulate materials or plan activities that interest them;
The teacher generally follows the book, is in control, and utilizes the
lecture and discussion method. Any evaluation or tgsting is summative in
‘nature for the purpose of rzporting student progress. Formative testing
(feedbackéoriented)qur the purpose of dete;mining progress or performance to
date is rarely used. On the whole, the typical classroom,refiegts yer; little

planning on the part of the teacher, apaft from the sequencing of the
[ .
textbook. Input from students appears to have little impact on class planning.

This view of a typical or traditional science class is reflected in what

students have to 8say about science teaching and science teachers (24). From

The Third Assessment of Sciéqgg by the National Assessment of Educational

Progress (NAEP) conducted in 1978 and from a replication reported in 1983,
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we find that student perceptions, opinions, and inﬁerpretations regar&ing
‘sc1en;e classrooms, their study of science, and their teachers provide a
corresponding view of current practices.

.ékudent perceptions of their role in determ1n1ng instructional practices
afe most-?evealidg. Most students perceive that they have limited, if any,
input into determining thg content to be studied. They also feel that they
have no choice in tk= way_they learn the ;cience the teacher selects, the ’
order of topics considered, when assignments are due, or when tests are to be
scheduled. Most studenté'feel that the textbook is always or often the on}y
de*erminer of the order of the study of acience. -Students feel that they are
encouraged to state their own opxnlons in less than ‘half the sc1ence
classrooms, and that they are actually discouraged in such actions in nearly a
third of the classrooms. Nearly half the science teachers are perce1ved by
students as seldom or never admitting that they do not know Yeverything"
related to a given topic of study. - Students feel that-science teachérs value
studen;s' abilit;-to think*fqr themselves; however, few science teachefs are
perceived as taking interest in their students. As many students'feei that
.they sre seldom or never encouraged to be creative as do those who feel their
teachers .always or often ffdbide such encouragement.

In summary, there is little gtudent satisfaction with science classes.
Students generally see scieﬁce class as dull, no fun; and a pla?e where fhey
‘do mot wish to be. Stu;ents:do not like the typical or traditional science
classroom.

In order to increase their effectiveness in the claséroom, science

teachers need to realize that they do have choices abqut'ﬁhich methods and-

instructional strategies they can use. Science teachers must also be aware

o S s
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e decisions based upon research to improve the instructiona

that they can mak
; if they want their programs to

effectiveness of their own particular context

succeed.
s‘in science education, Stake and Easley

Through a series of case studie
as if no'choices or decisions are open

found that teachers "feel imprisoned,"
to them (18). Stake and Easley also found that many teachers feel/they have
little power to change things, see little more the

One is given a textbook; the textbook guides the

y can do themselyes, and are

resigned to the status quo.
_course. Rarely do teschers attempt to alleviate this feeling of powerlessness

by making instructional decisions based upon research evidence of what migh

be more effective.
nts from students i

The findings of current practice and the co
themselves reveal that what science teachers do in thé<éiassroom presently’ {
' ) . S

Realizing' that

does not reflect the decisiofn-making power available to them.
h evidence are

ailable and making decisions based'uﬁon researc

choices are av
effectiveness of the science

first steps toward increasing the instructional

classroom. | » ;
From a number of research studies, a picture Af g ﬁofe effective sciéoﬁe

Io this classroom.we find instructional stroteglesnand

classroom is emerging.
ning outcomes than do

1nstruct1onal systems that y1e1d greater effects on lear
typical or traditional classroom practices. In this chapter, we- w111 examine
elated to instructional strategies and instructional systems so that

research r
1]
effective science classroom in which

implications can be made for an emerging,

teachers have choices and make decisions.
Does—iesea:ch.tell.us”anything“about“the.effects,of.vafious instructional
strategies. on..student -achievement?

" 4i11 be used

In th1s chapter, the generic term "instructional strategles
‘teaching technlques, and methods. One may

to cover instruct1onal strategies,
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view instructional sttategies'as a limited aspect of a more complex teaching
plan that describes either the teacher 8 or student's role. in the

instructional process. By contrast, an 1nstruct1ona1 system is & general

plan, encompassing many aspects, for conducting a course over an extended

.period of time. In this chapter, we will discuss instructional strategies and

then consider instructional gystems. We will conclude with implications for
an effective science classroom.

Inmtruétionai atrateg1es may be classified in a number of ways (16).
Strategies .in which the teacher has direct control are refetred to as
"teacher—centéred." Coﬁmon examples include lectures, demonstrations,
teacher-led discussions, and questioniﬁg. "Sfudgnt-centered" strategies allow
students to play a more active or self-guided role. Common examples are
laboratory activities, use of learning activity packets,.hnd student~planned
activities. Instructional strategies may also be clagsified as "direct" or
“deductive," or as "indirect" or "inductivé," each encompassing both aspects
of student and fééchet-centeted instruction. The use of direct gttategies -
implies that science is beiﬂg communicated by the teacher to fhe student. The
teacher i§ in control. Inditect“sttategies.suggeét:the teacher plays the role
of facilitator, guid;, or catalyst. Science is being qommunicaﬁed-through the

matet1als to the student. The use of different -strategies may require

shifting role relatlonshlps and tesponslb111t1es for both teachers and

"gtudents.

Reseatch on the quality of instruction is extensive, diverse,
compllcated, and often appears to be 1nconc1u81ve.v Reviews of hundreds of
studies have resulted in disappointment on the part of many rev1ewe?s who
perceive a lack of sub<santive research in the quality of instruction and its |

influence on student learning (18). Often, attempts at research synthesis,

&0
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based on the qualitative character of the research, give : 'se te differing
views on the summative findings in a given research area. Long narrxatives
citing study after study provide little basis for objective comparison and

accuaulation of results. If study characteristics and outcomes could be

quantified, research synthesis might gain a nw%w precision and objectivity,

providing a finer measure of what is known, as well as giving a better picture

of the gaps and flaws in the accumulated research (4).

A technique that allows quantitative synthesis of a large number of

N

research studies is meta—anal&sis {9, 10). 'ﬁeta-analysis'is proving usefullin
translating the results of numeréus studies on a particular topic into a
concise form that is undérstandabie to those who may be in-a position.to apply
the results. (For.a fuller discussion of meta-anzlysis, see Chapter 2.)

From the results of recent meta-anaiyses of instructional strategies,
some clear directions can be indicated for constructing a working model of
effective classroom practices. The first major meta-analysis of instructional
strategies was conducted by Boulangérl(4). The purpose of his study was to
syhthesize quantitatively the publishéd science education research conducted
during 1963-1978 with students in the 6th through l2zth grades. Through a
simple count of indepeﬁdent variables (instructional strategies;; he
jdentified from fifty-one studies six instructional clustérs that related to
cognitive outcomes.

The instructisaal clustgr that produded #he most significant gains in
improving student éBnceptual learning was the use of preinstructional
strategies such as behavioral objec;ives, ;dyancéd organize;s,'or set
induction. These studies compared the effects of using a preixstructicnal -
strategy with a comparable instructional treatment, where no preinstructional

strategy or placebo wag used.
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preinstructional strategies may take any of sev:.al forms. A'teacher méy .
communicate the behavioral objectives to fhe clas; prior to géginning
1nstruct10n. Set induction strategles ozepare students for learning by
directing or focusing attention on what 1s.to be presented or learned by
frequently motivatihg students to attend to the lesson, and by encouraging
students . to become interested. Set induction strategies may take the form of
questions that interest the student and can be answéred later in the lesson. .
Advanced organizers allows the téacher to relate what is to be learned to what
is already known. For example, this might be done by comparing the
circulatory system to a hot water system p:ior tozn presgntation on the
circulation of the Biood. Advanced “organizers relate the unfamiliar to the
famlllar. Use\of any or all of these prexnstructlonal strategies can improve
student conceptual learnxng, espec1a11y when used with other instructional
activities by classroom teachers.

‘Boulanger also found that greater xeéiism or coucreteness of supporting
instructional marerials,was qssociated with greater cognitive dchigvément.
Instructional materials may be placed on a continuum from concrete to
symbolic: manipulatives are wore concretelthan aré pictorial stimuli, which,
in turn, are more concrete than priﬂt;d text material. Similarly a student’'s

lab experiment is more concreie than is a teacher's demonstration, and the

teacher demonstration is more concrete than a lecture. All the studies

‘Boulanger loouéh at showed that greater realism or concretness in sufporting

o -

instructional materials led to greater cognitive achievement. When given a .

‘choice, those .teachers who utilize manlpulat1Ves, plctotlrl “stimuli, or ¢

P '

hands-on experlences in approprlate 1ns;ruct10na1 51tuat10ns will be more

effective in producing cognitive achievement.

. ) E?zz'



A second large meta-snaly31s was conducted by W1se and Okey as part of

the University of_Colorado Science Meta-Analy31s Progect (21). The pu'pose of

<

- this study was to synthesize findings concerning the effects of various

3

teaching strategies on science achievement. Througp anSiysis of 160_studies, -

twelve categories of testhing techniques or 1nstructional strategies were

identified. All the categories represented a variety of means researchers
have used to bolster science achievement by altering cne or more aspects of

. € . .
the instruction gituation.: . L , . .
. ‘; . z . ' . +

. The average impact of the teaching strategies analyzed in this report was

’
——

IS

an increase in achievement* of about one-third of a standard deviation, or 13

percentile points. The most pertinent categories (tnose greater than b

one;third standard,deviations) will be discnssedlhete to identify their
contribution to an emerging effective.science classroon. - ' .
The most significant category identified is wsit-time. Wsitetime occurs'
when a teacher psuses from threé to five seconds after asking a question and
again after the student:responSe is give n,‘ When teachers employ wait-time,
researchers have found the 1enéth of student responses increases, the failure

to respond decreases, the incidence of speculative thinking increases,

student-to-student interactions increase, and more questions are asked by

N .

students; Wise and Okey found thst‘use of wait-time strategies increases ¢
cognitive outcomes, critical thinking, creatinely loéical thinking, and
‘affective measures by .90 standard dev1at1ons (21). )

_Another category of instructional strategies that proved highly
significant.was the ‘use of_focusing techniques. Focusing occurs when students
are alerted to the objectives or intent of instruction before, during, or

after instruction. General examples include providing students with

objectives, reinforcing objectives at various points during 1nstruction,

-
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.

or using advanced organizers. Focusicg strategies help students focus their
attention on what is to be learned, much the same as the pre-instructional
strategies discussed earlier. ) ‘

Another category Wise.and Okey createdhis'one that corresponds to
Boulanger 8 cluster of realism or concreteness. Wise and Okey.refer to this ac¢
manipulaticn. 'Manipulative act1v1t1es requ1re students to handis, operate, oOr
in some way work or practice with physical objects as part oi the

instructional process. Being ‘involved -with concrete manipplatives\is much

more effecti%e in producing large effests in achievement than having atudents
observe someone else ;erforming an experiment. or merely reading about it.
Wise and Okey reported a numcer of other categories in which large
effects in science achievement dere shown (21). In all-cases, teachers had
altered some aspect of che 1nstructional ﬁituation. For example, by modifying
or rev181ng 1nstructional materials, teachers contributed to increased
achievement. Materials were rewritten for a specific reading level or were
ennotated; Directions were presented orally, pictcrially. or by audiotape.
Another at;emptlto‘arter the 1nstructional process was through the use of
questioning strategies to iﬁSFOQe achievement. By varying ;he“levels of
questions asked or the posicions of questions asked during'instruction,‘,

teachers can help increase student achievement. For instance, attempts might

be made to ask more questions requiring comprehension, application, or

‘analysis skills instead of relying on knowledge-level questions. Or, teachers

may ask questions duting films, or before, during, or after assigned reading.

. The use of questioning strategies represents a deliberate attempt on the part

v

%f the teacher to'involve students in the instructional process and helpshcall

the students' attention to significant facts or concepts.
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"to mastery.

.

Another category of effective strategies related to using tests to .
improve. achievement. Usually this involved a change in the frequency of
testing, thie purpose of testing, or the lavel of test items. Examples of

effective use of tests include formative testing, 1mmediate or explanatory

o

feedback diagnositic testing and remediation, optional testing, and .esting

~

Two categories produced smaller achievement effects (around one-third

standard dev1ations). The inquiry-discovery category'ingluded teaching

techniques that were more°student-centered and less step-by-step

L

teacher;dire;ted learning experiences. Nhen teachers utilized inquiry

-
™~

lessons, guided\discoveries, or inductive laboratories, 1mprovements in

'achievement were noted. A similar‘tategory called “"teacher—direction"

v

included variations in the extent to whvch the learning task was spelled 0ut
for the student. Examples include situations in which students conduct
experiments or activities given only sketchy direction, or when students )
select specific stjectives and assume responsibility for learning those
objectives. ) | . 4 B o

What 1is important.about the results reported by Wise and Okey is that a

deliberate attempt was made by teachers to alter. some aspect of the

instructional environment to produce gains in achievement. The categories

discussed above have resulted in successful teaching and learning.. :

“

The Wise and Okey study offers support for other recent research reviews

? . 3

that have concluded that direct teaching ctrategies have greater impact than

indirect ones (14). The large effect sizes of wait-time and focusing are
related to direct instructional strategies. The relatively smaller effect

sizes of inquiry-discovery and teacher direction are related to indirect

N ’

instruction. .

K E;E;.
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While the results of these two meta-analyses are not definitive and
apecific toward a particular inatrnctional atrategy, they do provide an
overviev and suggest some directions for future research. A.number of
implications can be drawn upon which to bnitd a picture of the effective
science classroom, uhich we will discuss later. Upon closer analysis, theae
quantitative results agree fairly conaiatently w1th the qualitative summaries
of research on instruction that have been reported in the science education‘
literature (1? 17)

Inquiry-teaching and learning have been prevalent aspects of the science.
education lilerature of.the past quarter century. The results of four
meta-analyaia atudiea point to pcaitive results fvomiinquiry teachinéé(z).;
Separate meta-analysis atudiea of elementary and secondary science curriculum
projects found the use of curriculum materials developed with an inquiry
philoprhy to be more effective in. enhancing student performance than most
critics were willing to admit. Student achievement scores, a\titudes, and
proceaa and analytic skills were either raiaed_gr‘greatly enhj%ced by
participation in the new science curricula. Wise and Okey, inltheir.anaiysia o
of instructional strategiea, found an 1ncreaae in cognitive outcomes when the
inquiry-diacovery strategy naa used in acience classrooms (21). In a study of
the effects of inquiry teaching conpared with jnductive and deductive teaching
approaches, positive aupport was given to inductive teaching strategies (12).

While the auppdrt for 1nqu1ry teaching and learning is not aignificantly

-.conclusive,‘inquiry teaching appeara to be a viable strategy that science

teachers need to consider in any attempt to increase their effectiveneas.’
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What is an instructioral system? Are some more effective for science teaching
than others? .

While instructional strategies may be virwed as a component part of a
more encompassing teaching plan, an isstructional systew is a general plan
often encompassing many}aspects of a course over an extended period of time.
Consideration of instructional systems is necessary because they provide a
framewcrk that can accommodate a sariety of instructional strategies. Many
instructional eystems like team-teaching, programmed lersrning, individualized
instructiés; contract learning, end audio-tutor:al systems have been in
existence for a long time. Others, like computer-linked instruction, ma:tery

learning, and personalized systens of instruction, are new arrivais.

B

Instructional systeus can provide a coherence. to various arrangements of

o

instructional strategles.

< A meta-analysis was conducteﬁ to determine the effects of different

s

instructional systems used ir science teachlag (20). In the analysls of 130

~ studies, two instxuctlonal svstems generated s1gn1f1cant results that set them

apart from the other instructional systems examined. The two are mastery
learning and personallzed systems of 1earnlng (Keller Plan). Compared with
conventional instrrction, both mastery 1earn1ng and personallzed systems of
learning were 0.64 standerd deviations better on all learning outcomes.

(Specific¢ally, both systems were 0.50 standard deviations better on cognitive

_outcomgs, 0.52 standard dev1at10ns better on affective outcomes; 1.24 standard

deviatlops better on measures of sc1ent1f1c methods, and 0. 89 standard
deviations better on measures of critical thinking). In contrast,

instructionéi systems of individuslized instruction, ﬁedia~bssed instruction,

‘‘audio-tutorial learning, computer—linked instructie;?\p;ogrammed learning,

team teaching, and self-directed study operate at & 1evef\bn1y a little higher

N

than the conventional instruction they replaced. ‘ : T -
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The instructional systems mentioned above all represent a departure from

the day-to-day conventional teaching practices described earlier. 1In all

_cases, teachers involved with instructional systems have mad:. .~umitments to

alter significant aspects of their courses (how content is pres- d,
sequencing,-testing,.grouping, the materials of instruction) as g=. of a
total package. Teachers have invested time and effort in preparation «tv * ZRVe
sought out the details of how to operate in wit. ‘hever system is chosen.

For example, the personalized system of ins o.a~tion (Keller Plani & 'Z =
found on the college level, contains the following tn;&uresz learning **
self-paced; learning materials are divided into sms’’ z.zules, each of waich
must be mastered before going on to the next; students 2re used as graders and
tutors§ there is a lack of reliance on live lectures, w.th printed materials
being the primary form of communication; and a deteiled study guide is

¢
available. A key factor to the success of the personalized aystem of
structlon is frequent testing with immediate feedback (20). This feature is
also found in mastery learning and may «xplaln why these two systems -of
instruction have been more successful tihan ibe others reported here.

Because mastery learnir:, s a terin often heardvin educational circles
today and because its resulty ware 80 fignificant'in the meta-anclysis study
of instructional systems, i} is 1mportant ‘to examine whatxmastery learning is
and what research is associated with its effectiveness.

Mastery learning may be viewed botn as an instructional system and as &
technique of instruction that can be applied to many oifferent instructionai
situations. While the term "mastery learning" is often assoc1at:u wlth
1earn1ng of material that is 'mastered, it is also important to note. that
mastery 1earn;ng can be viewed as a rubric or heading under which a uumber of

features of ‘successful or effective instruction can be grouped.
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Bloom formulated the modern conception of mastery learning a5 & teaching
strategy that could enable most students to achieve at . igh levels (3). His
copception has been refined and elaborated on by others over the past several

years. Essentially, mastery lcarning is ~n instructional technique for the

teaching and }earqing of hierarchical, sequential material. The content areas
compatible with ma#tery learning procedures appear Lo possess several common
characteristics. Thef require a minimuwm of prior learning, are sequentially
learned, emphasize convergent thinking, and possess a‘fihite set of ideas and
cognitive'behaviors. A large portion of our middle and secondary school
science curriculum matches these characteristics. B

In the science classrooms using the~mastery Tearning mpproach te
instruction, the material to be learned is subdivided into natural units or
steps, covering from one day's lesson to several weel.s' lessons. Next,
student performance is specified and a level at which nasterv is to be .
attained is determined. This is called ‘the criterion level, us:ully set at
80X. The scienc;.units are taught using group instruction, iabofatoriesx and
the other usual activities that occur in science instructivu.

Next occurs the most imporiant feature of the masicry learning approach.
Students are given help when and where they are having difficulty. This.step
is frequently called the éiagnostic remediation cyCIé. Fiequent diagnosis is

givén through formative testing (progress tests) throughout the unit of

instructicn to identify learning difficulties and provide positive

\ .

reinforcement for those who master the material. The progress tests rerl.ct

the objectives communicated to the students -at the start of the unic .f
instruction; mastery is judgeﬂ»according to the.ctiterion levels specified.
The diagnosis is followed by feedback to the student and may or may not be -

accompanied by rgmediation.’ Remed&ation may be either teacher- or
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student-managed. The student may reread the text, do laboratory work again,
uge programmed materials, have private tutorials, etc. Importantly, |
. additional time is provided for students to learn material they missed or did
pot learn the first time through the unit. fhe diagnostic remediation
cycle——use of testing, followed by specific recommendations for improvement
and additiona1 time if needed--is the 8iné1e most important feature of the
mastery learning .approach. .

The mastery 1earn1ng approach emphasizes the achievement of all students
for a given science unit, and eventually, the science program. Tne purpose of
mastery learning strategies is to help practically all students attain a level
of achievement now reached by only a few students. Most students can be
successful with nastery-based instructional approaches. Mastery learning does
not advocate lowering standards so that fewer students fa11 but rather giving
students more appropriate opportunities to learn course material, which
results in fewer failures (8). |

Many researchers,have fonndlmastery iearning procedures superior to
non-mastery methodologies (3); Other researchera are investigating various
aspects of the strategy to improve 1ts effectiveness with students and to
enhance its appeal to teachers. For example, Yeany and M111er determined
through a meta-analysis of diagnostic/remedial instruction on science 1earning
’that it makes little difference whether remediation follows feedback (25)
‘Apparently, in the absence of prescribed remedial activities, science students
attend to their own remediation when provided/feedback from the diagnosis of
achievement deficits. Providing only diagnostic feedback to the science
 student is far simpler and less demanding than following up with complex
reﬁediation»schedules and cycles.



-

In another study, conducted by Dillashaw and Okey, ihe effgcts.of a
mastery leafning strategy modified to limit diagnosis to two cycles per unit
of instruction were tested with high school chemistry students (7). The
‘results were significant. The study indicates that high ¢.:uool science
teachers may be more willing to spend time conétructing formative or progress
tests and using remeciation activities with the knowledge that only two cycles
of diagnosis and remediation can increase student achievement.

Wﬁen mastery learning techniques, ppyticularly diagnostic/remedial
cycles, are utilized in other instructional sysfems, a notable increase in
achievement occurse. Aielio and‘Wolfle conducted a meta-analysis to compare
the effécts of different types of individualized instruction methods (1)-.
‘They then tried t§ determine thg effectiveness of programs that incorporated
mastery learning features into their instructional fo}mats. It was found that
a category labeled “cbmbinﬁtion of methods" increaged achiev;ment 0.36
standard deviations. when mastery learning techniques were incorporated into

Lae “EOmbinationH;f methods" category, achievémgnt increysed to 0.67 standard

deviations. | ' .
From the results of research into instructional systeums, mastery learning

emerges as a powerful instructional strategy or sys®*1 when used alone. In

combination with other techniques, its power is increased. These are results

that are difficult for scie'ce teachers to ignore.

What does the research say about how an effective science. classroom .looks?

The effective scieﬁ;e classroom is one in which instructional objectives
are formulated and'communicatéd to the students prior to the stéft of a unit
of instruction. The objeétivgs_are carefully planned by the teacher and may
have criterion-performance levélx identified that are needed for mastefy.

fhroughout the process of instruction ‘for each unit, students receive feedback

T

about their progress towarﬂfthose o/' ctives.
u prog towarc. bjectives 91 /‘
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Teachers use set induction and advanced organizers to direct or focus

attent1on to the Zesson and provide connections between new learning and

previous learning. These may take the form of questions that interest the
student and that can be answered later in the lesson, or they may'be shor+
activities, demonstrations, or the presentation of familiar ideas that are
related to what is to be 1earned. In effect, students are prepared for

instruction either at the start of the unit or daily es the result of

deliberate plannlng and act1ons taken by the teacher.

Students 1nteract physically with instructional materials vhenever
possible through handling, operating, or practicin;. Efforts are made by the
teacher to provide greater realism or concreteness with the materials of
instruction. Greater efforts are made by the teacher te incorporate use.of
manipulative and pictorial stimuli along with printed matter.

Teachers alter instructional materials-or classroom procedures when they
think that these alterations will increase the impact. For example, materials
may be rewritten.tor clarity or.reading level. Alternative reading materials
may be provided for those students who have reading difficulty. Directions
may be presented in other than written forms. A1terations occur as the result
of deliberate action on the part of the teacher.

_Greater attention is given by ‘teachers to the types and pIaCement of

questions asked in the classroom. Actempts are made to ask fewer

‘knowledge~level questions and to ask more questions requ1r1ng students to show

that they comprehend, can apply, and can analyze wvhat they have 1earned.
Questions may be asked to cause students to hypothesize about what might
happen, to make inferences about what is observed, or to apply vhat they have
learned in a different eontextﬁ The teacher asks quest1ons throughout the

lesson at appropriate times so that students attend to the. instructional
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process. Yet, a barrage of questions is avoided. Questioning is part of the
inst?ﬁctional plan. Teachers give students more time to respond to questions
and wait longer before they act on a student's response. Tuis action
increases the length of sfudent reﬁyonse, decreases the failure to respond on
the part of students, increases the incidence of syeculati;e thinking,
promotes more student-to-student interactiéns, and causes more questions to be
asked by students. In effect, the teacher bascs verbal interaction with
students on a plan thatbis formuigted to yield desired results.

Greater use of formative (progress) testing techniques is made in
conjuction with 1mmedlate or explanatory feedback, with'yossible remedial
activities. Students select from a "menu" of remedial activities. Whether
mastery learning has been adopted totally or not, some of the features of
mastery iearning will be utilized as part of a plan to assist students with
thei:r learning. d | ‘

The effective science classroom reflects considerable teacher planning.
More thought andm;are are given to maximizing learning outcomes. Téachers are
. aware of ways to ptilize the time available in the classroom to incre;se the
amount of academic engagement time (time-on-task) on the part of their
students’(S); Classrooms in sciénce.are better managed by the teacher. All
of this'refleqts.considerable effort and planning on the part of the teacher
with the aid.of the students.

will science teachers still use lectures and reéitation? Probably so.
W111 the textbook ‘'still be the key to-new information, determining the
sequence of instruction and what is learned? Probably so. But not to the
e#teht revealed in studies of current practice. Lectures‘yill be shorter,
more 1nterest1ng and meanlngful discussions more involved. A portion of the
textbook will be read very carefully. The students will learn more and w111

EER

find greater satisfaction in.science classes.
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‘greater cognitive gains.

The picture of an emerging.effective science classroom is a vivid
contract to the typical or traditional classroom described earlier. In order
to achieve it, science teachers aeed to realize that choices are available in
terms of possible a;tioné to take. Science teachers must make decisions in
light of their own ?articular instructional context about how to proceed to

implement an effective science classroom based on research evidence. The

teacher is still the most important variable in the classroom (6).

Summar

A probable cause for students' failure to achieve in science classes is
the use of teaching strategies that are text-based rather than
learner-centered. Meta—-analyses have-shown that several teacher practices are
associated with increased achievement. The use of pre-instructional
strategies (set-induction, advanced organizers), the use of thoughtfully
altered materials, and the use of more concrete experiences all lgad to

‘Research also indicates that the diagnostic remedial ;ycle, gnd.the
increase in time for_learning, that is a feature of mastery learning leads to
increased learning. Thus, specific strategies for teaching an instructional
management system that permits feedback to students will lead to improvements

in students' learning.
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constructed and tested (2). Many teachers have been skillful at creating
interesting lessons and at allowing students to experiment, and'to work

independently and_actively. Naturally teachers want to assure themselves

‘that their lessons are having an impact on students. They wént'to ¢

measure the effectiveness of their lessoné,'especially lessons that are
activity-based and not derived from textbooks. Howevgr, many teachers
are troubled that what théy.teach isn't measured by gany of the tests
available tc them. They would like_to measure a broader array of student
skills than is possibie yith many traditional teéts.‘;

Méasuring what students have learned is not easy. It is diffiqult
and time-consuming to assess how’weil students can generatejhypotheses o
their own‘o;.howladept students are at writing operational aefinitions.

Few teachers have been thoroughly trained in testing and evaluation.

‘Many lack familiarity with the basic testing tools that permit the

measurement of many facets of students' science knowledge. With careful

curriculum analysis and careful planning, teachers can measure students'

‘knowledge of science facts and their ability to reason scientifically.

Evaluating science learning is similar to teaching a good science
lesson: it takes thorough planning, skillful execution, and careful
review. Techniques for evaluating students' science learnihg are

available and can be adapted to meet most sciénce teachers'

specifications.

One of the first steps in deveioping a good science evaluation
program is to develop an evaluation plan. An effective plan for
evaluating students' science learning takes into account all the goals

and objectives of the science curriculum, stressing the skills and’

knowledge the teacher will emphasize during instruction. Once the
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curriculum is analvzed, teachers need to choose an appropriate evaluation

_strategy, or several strategies; test students; analyze the results of

° )

testing; and study the implications of test data for future instruction.
Each step is important. Unfortunately, teachers often skip over or

combine one or more steps. Then students complain that tests don't
really test what they've learned,. or teachers express conéern that they
can't relate students' teét performance to their day-to-day classroom
performance. By carefully planning the match between curriculum goals

and evaluation strategies, teachers will be able to assess students'

progress more accurately and design additional instruction specifically

targeted to students (1, 6, 8, 31). ' :

Why is it ihportant to review the goals and objectives of my curriculum
when creating an evaluation plan?

Not all science courses are alike. .Some are based on textbooks that

stress basic facts and terminology. Other texts present a history of

science and are designed to give stﬁdenté an overview of the méjor
milestones. Somentexts encourage teachers to present demgnstrations of
significant scientific experiments or to.conduct experiments that convey
key ideas in science.

In recent years many science programs4-not based on textbooks--have
been developed with the goél of encouraging students to re-create |
scientific experiments and to share the results of those‘éxpefiments with
other students (9, 22). Innovative programs like Sc%ence--A Process
Approacﬁ, tﬁe.IndiVidualized Science ?rdjedt, the Intermedia£e Science

«

Curriculum Study, Elementary Science Study, and others were planned as

“alternatives to conventional textbooks-(38). At the elemenrtary s_-hool

/
level, these programs emphasize students' learning how to think as
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écientists do. Students were encouraged to observe, record, analyze
data;,and consider the meaning of the data. The.goals of'the innovat}vel
projects included devel&ping studénts' ability to infer, éo generaﬁe
hypbtheses, ana to evaluaée experiments. Not only do these science
programs differ from conveqpional text-~based courses, they_also differ
from one another. Just because two programs are described as innovative
does not imply that they share the same goais, use the same strategies,
or build the same skills. Indeed, the éame program.taught by two
different teachers may lead to different results in studénts' ;eérning.
One teacher may stfess students' mastery of the techniques of data
collection, while another may stress the inferenges‘students draw from
the data. Different programs and different insﬁrqctional approaches will
yield differences in students' scienﬁific knowledge. Different
evaluation strategies may be the only way to measure what each group of
stﬁdents.has learned. In any éase, a wide range of inférmation and .

skills can be evaluated. For example, among the skills science educators

can measure are:

o Acquisition of basic science facts. Do students learn the
technical terms, ‘special vocabulary, and basic information?

o Recall of facts. Can students memorize and recall
. information? ’

o Application of basic facts. Can students use the basic
facts to analyze a situation and tell how it is similar to
another one they learned about? Can students. read about a
situation and supply mlSSlng information?

o Understandlng the generation of sclentiflc theory and its
relation to subject areas. Can students identify an
operational definition, distinguish between cause, effect
and accident? Can students read about scientific
discoveries and understand the processes and products

. arrived at? T
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?Activity—basedvor process- : science programs, stressing the way
scientists think,-emphasi . ékills in addition to bzsics. These
programs are predicated ou. : mn tha£ scigntists handle objects,

analyze the éroperties of thos: cté, and examine the relafionshiﬁs

among objects. Analyzing a curri. um to see which skills are emphasized
will help teachers develop evalnr.tion tasks matching instruction. While
different curricula stress-diffe ant skills (and even call the same skill

by different names), the followi..y skills are importanti‘

o) ﬁEﬁIng. ‘Given an object, a student should be able to tell
what it is. For example, "That is a large, round brown
sponge.”

o Comparing. Given two or more objects, a student should tell
how they are alike. For example, "Both the red one and the
'yellow one are. round."

o Discriminating. Given several objects, a student should
tell what sets one or ‘more of them apart. For examgple,
"Only the green circle is big."

o BAnalyzing. Given a situation, a student should be able to
tell which are the relevant variables and which are
irrelevant. For example,” "The black beads are not all the
same weight but all the large beads weigh the same.”

o Designing. Given a problem, students can design an
experiment that will test hypotheses. For example, "To test
which beads weigh the same, construct a balance beam and
weigh the beads alone and in comblnatlon

o Evaluating. Given a report, students will study it and tell
what could have been done differently. For, example,
"Tnstead of just planting seeds and watering them, the class
should have checked the effect of different kinds and
amounts of light.' Maybe the seeds received ernough water but
not enough light.”

v -~

o Predlctlng. Given information about relations among .
varlables, students will be able to predict 1f a_.situation
w1ll follow the pattern of other situations. ~ For example,
"Grass usually doesn't grow under trees. Since there are
many trees in a forest, I wouldn't .expect to flnd much grass
in the forest.

| 1,'01
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These cognitive skills are but.a few that can be developed by
science instruction. Their acquisition and use is important-if

scientific thinking is to occur. Taxonomies of cognitive skills are

available and can be a valuable guide to teachers assessing their science

{
|

programs (5, 9). . § o . |
6nce teachers have decided which skills are fostered by their -
programs, they ?an match their evaluation stratégies to those skills.
But'teéchers must be careful.  -Not all evaluation strategies are equally
appropriaté.- For example, it would be inapp;opriat; to use a true/false
test to assess students who have been following a curriculum like
Biéldgiéal Sciences Curriculum étud& or Physical Science Study
COmmittee-. Students who have"béen taught to analyze, compare, and
evaluate would not use théée skills to answer thé question "Whales belong
to éhe class mammalia. True --False .ﬁ They would call upon those
skills, howe?er, to anéwer the question "Whales are similar in ;ome ways
to man and in some ways to fish. Write an answervdefeﬁding thqt
statement.” The strateégies of thinking that have been fostered by the
program‘should be evident in the answer. If-not; either.thé student
vhaén't legrned of the student knows-tbe answer and is pnable to express
ite In either case, some addi;ional.instruction would be éppropriate.

]

. . )
The important point to remember is that there are many' strategies for

'

testing students' skills.. Some are more appropriate for one curricuvlum

-than another and some will be easier for students than others. Some

typical stratégies‘are:
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o Short-answer tests (true/false, multiple choice, completion).
Short-answer questions are best used to assess students'
knowledge of basic facts and their ability to make simple

- discriminations.

Examples: Whales are mammals. True . , False

The largest planet-is:
(a) Pluto
(b) Neptune
(c) Mars
(d) none of these

Sponges belong to the phylum

o Essay questions. Essay questions can test basic factual
information, students' ability to compare and contrast, or
students' ability to do higher level critical thinking and,
problem solving. However, caution should be exercised when:-
using essay questions. Teachers often reward writing skill as
well as scientific knowledge on such tests. The teacher needs
to ensure that the test measures what it sets out to measure.

Examples: What indicators do weather forecasters use to
: predict changes in the weather?

Whiéh is more important in conducting scientific
experiments, recording data carefully and accurately
or relying on hunches?

If you landed on a remote star in the solar system,
wnat clues could you use to tell its history?

o Practical tests. Practical tests aré"déﬁaiiy more appropfiate
_for testing students' ability to think critically and to
predict outcomes by means of problem. solVLng.

Example: Do tulips need light or heat or both to bloom?
’ Design a simple experiment to answer the question.

i

o Pfejects. Projects can help students acquire basic facts as

the basis for making inferences or can allow them to do

ofiginal problem solving. ’

Examples~\ Collect information on the vegetation of rain
forests, deserts, and mountains. Analyze the data
and compare the results.

Collect leaves from deciduous trees and from
evergreens. Compare.

o . Can robots think? Define what you mean by'thinking
[ERJ!: o . and then see if you can design a thinking robot.
oo v o

103




o Oral Reports. Oral reports can be used to communicate facts.
Students can apply their knowledge and draw conclusions from
the information.

Examples: Present a brief biography of Charles Darwin and
state his major contributions to science.

Discuss recent science events and tell how they

affect our lives.

o Lab Reports. Lab reports can be used to help students practice
rudimentary record-keeping. They can be used to help students
draw inferences from the data. '

«

Examples: Sumﬁarize the'major points of today's experiments
(goals, procedures, equipment, etc.).

Contrast the results of this week's experiment with
the results of last week's experiment. Discuss why
the results of the two experiments differed.

These applications are but a few of the ways to assess students'
learning. Discussions of science evaluations anq othe; ﬁypes of pfééram.
evaluations are reéources fo? such strategies (1, 3, 6, 19, 34, 39). The

- important point is that there should be a match between what has been

. taught and hb&, and wha£ is being_measu;ed and how. If texts emphasizé
facts, teachers can write multiple-choice items, which mgasure studénts'
ability to recall facts; if a program encourages students to compare énd
contrast objects'vp:operties, then mulﬁ}ple-choice'igems, which test
students' ability to make those csmparispﬁs, can be writtgn.

Students' skills also are affected by the way tgacheré present the
qﬁrriéulum. ~A teacher who consistently shows the relation between facﬁi,
who explains why whales are like man and like fish, will likely receive
high-levél answérs to.gssay questions. A teacher who teaches facts in
isolaﬁion will receive essay answers that parrot information, but fail to
inéegrate it into a coheient whole. The key to successfnl evaluation is

to decide what students.need t6 learn, how the information will be
Q K ' - ’
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presented, and how an accurate assessment of students' strengths and

weaknesses can be obtained. Differences in implementation of science

programs in different classrooms is to be expecﬁéafénd occurs (31). Some
teachers emphasize group instruction reéardless of the content; others
prefer to ha&eustﬁdents working independently regardless of the skills orl
conteﬁt to be mastered. While groué tests a;e always apéropriate to
measure how well one student's progress comparés with another, group
tests shouldn't bé used to the exclusion of other forms of assessment.

If students often work on their own iﬁ.clgss,,they ought to be asses;ed
on the basis of their work in that setting.v If students habitually do
group projects} then an evaluation of. those p;qjec£s is appropriate.
Relying exclusively on group-administered stzndardized tests when
sﬁudents often work under other conditions conbeys only a partia} bicture
of students' competence. |

To match instructional strategies to evaluation procedures, the

"suggestions in Figure .l might be useful.

(Insert Figure 1)

When planning for assessment, knowing how the information will be
used is as important as analyzing the curriculm's goals. For example,

teachers can use test’results to help answer these questions:

o Do students need more instruction in this topic before we go
on to another chapter? If tesachers say "yes" to this
question, then they might want a more informal assessment
that lets students comment on where they think they need
more help. This formative type of evaluation allows
students to pinpoint their own weaknesses and ask for
additional help. .

105



Figure 1 ) v

Examples of Evaluation Procedures

. Bvat. . : :
Tastc. Proea Oral Written Demonstration
strat. '

Individual \Q student can be called on in A student can be asked to write A student can take responsibility
class to give a brief summary a review of ‘a science program . for studying an experiment and
of basic information discussed shown on television. | presenting a demongtration of it -
in class that day. - . \ to the class. B
A student can be asked to critique| A student can be asked to write
an\exﬁeriment conducted by a fel- | a brief report of research he/
low\classmate or critigque a pub- she conducted.
lished study. :

Group Students can collaborate on pre- Students can collaborate on pro-| Students can share the respongi-:

: senting a summary of the key . ducing a bibliography of impor- bility for preparing and present-
concepts studied in a unit. tant books or articles. | ing an experiment or discussion on
' an interesting topic to the class
or school.
Students can conduct a roundtable
discussion of an- important topic.

Class A class might conduct an assembly | A class might keep a log of |l A class might dramatize an impor-
on a topic of interest or concern | their science exper iments and tant event in the history of sci-

i to the entire school. provide written comments and ence.

critiques of each other's work.

= e T L



o Am I going to give this test to assess how much students have
learned and then go on to the next topic? ' If teachers say "yes"
to this question, they will want straightforward, summative
evaluation of students' knowledge. They will want to touch en
all the major points. of instruction. They will probably want a
comprehensive test that is easy to administer and easy to score.

a

The purposes of formative -and summative_eéaluation have been discu;sed by
evaluation'specialis£s. .Readigé their rationalefor choosing assessmént
strategies helps to define the goal of evaluation strategies (1, 9, 31).
Whether teachers adopt a formative. approach, and use tests'to tailor
subsgquént instruction to students'\peeds, or a summative approach, and
use tests to measure how much students have learned, they should be aware
of éonstfaints.on students understénding. Students will learn accordiné
to their level of conceptuél development and their ability to integrate
what they airéady know through ﬁntutéfed p;imitive.scientific discovery
and the ‘formal rétiqnai inétruction provided in science classes (26, 27).

Once I have decided on a plan for évaluating my students' science
learning, what resources are available for selecting tests? g

Unlesé they must restrict themselves to school district-approved

tests, sScience teachers have a wide range of options. Even teachers
whosé disfrict or state department of education require using approved

: ﬁegts wiil want to conduct periodic assessmenté 6f student learning for
their own purposes. Weekly or mon;h}y’checkﬁpé,or sppt quizzes,

classroom observations, or lab-book checks are assessment tools that

every science teacher can use to keep track of how well students
understand their science. Given the number of published and unpublished

science tests and the number of ways to observe and reco;d students' .
o ‘ . \

performance, teachers can easily check\studentsf skill de*elopmenﬁ an
. : T e - ’ \\ R,
O nts' knowledge of concepts and technical Eérms\£4€‘7,\9, 24, 25, 30,
P o] o . | : .,Jl()fg '
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36, 37). Samples from formal testing programs like the College Board can

o

be obtained (5). The National Assessment of Educational Progress (NAEP)
pe:iodically measires tudents' science knowledge (29)- Efom timé to .
time NAEP releases samples of items used in previous testing. By sending
for sample items, teachers can.review the typical science items used by
NAEP. Teachers can compare what students in a class or school know with
what the national NAEP results show.  However, in making those
comparisong, teachers should remember that differences in curriculum,:
teaching strategies, and'type of student will mean that the students.
tested may differ widelf from thevnational gnoupi The use of test items-

<

Erom ﬁAEP.or similar groups should never be done as a summative
assessment. Such testing should only be done to answer the questiont
"How are my students performing on tnese questions compared to'the
national sample?” VIf the test fesults are unsatiSfactorg, you/pight want
to review your curriculum, or your teaching strategies, or both."
State- and locally-mandated tests exist, and students;'performance'
on those measures can be analyzed for clues about what students have
learned and what needs to be taught. However, in administering those
tests, teachers should remember that many are designed to test "minimum
competencies," the lowest level of skill of information students should
have mastered.'-Those tests should not;limit instruction. Teaching to
theé tests by drill-and-practice methods usually reduces the amount of
time availatle for learning other, equally important information-and
skills not featured in the tests. So teachers shouldn't ‘review test
items, survey the skills and information tested, and say: "Well,.if
that s all they're going to test, that's all I'm going to teach." The
average science course is much richer in content and skill development
o .

EE l(jany test or set of tests teachers should use as many strategies as

. ' “can to evaluate students. - 109
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Many of the paper and pencil tests I've seen seem limited to measuring
how much science students know. I'm more interested in tests that can
tell me how my students are thinking. What types of measures are
available? '

When the innovative science curricula were being evaluated, tests
. :

designed to measure the unique features of those programs were
developed. The Test of Logical Thinking (TOLT) is one example of an

instrument that measures students' ability to translate theory into

°

practice. Items like the following are part of the test:

&

Which of the folfowing would be an appropriate measure of the
size of a spot of light from a flashlight pointed at a screen?

1. diameter of a flashlight

2. size of battery

3. size of screen

4. radius of spot on the screen

To measure students' proportional reasoning, items like the following

were written:

Four large oranges yield six glasses of juice. How many
glasses of juice would be produced by six large oranges?

1. 7 AN
2. 8
3. 9
4. 10

5. Other

a

These tests developed by Karplus and his associates, as well as similar

~ o

tests, not only measure students’ knowledge but also help teachers
understand the way students think about relations among variables and the
\ . . 5

- - \\
students' ability to make inferences (17, 18).
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Thg Test of Integrated Process Skills (12), the disic Science
Processes Test t4) and the Underqpanding in Science Test (35) also
meaéure“students' ability to respond, to a relativély novel situation,
apply the prin&iplgs they?ve_}earned to speciﬁ;q situations,.and'think
like a scientist. However, theée tésts; anq.other-tests developed as

part of the innovative movement in science education, should be used with

caution. In many cases, the standard psychometric procedures that

’

characterize good test construction and that ﬁark standardized tests as
different from ophér teacher made testé were not followed (15). As a
result, we don't know how well these tests predict future success iﬁ
science. Since the tests were not administefed to a wide range of
stgdeﬁts, we don't know.how Qell the tests discriminate between students
b _ {
who know science and“those who don't. As a result, the tests might be
appropriaﬁe for formative evaluation, where teachers want to assess
topics students need additional instruétion.in, but might not be
appropriate for summative evalgation. >Teachers might like to adapt one
or more of these tests to their oﬁn needs. Alte;naﬁively, teachers might'
decide,ﬁo construct.their owﬁ tes£ to measure the speqif;c objectives of
their own curriculum and/or lessons. They also might like to design
tests for lessons based on conventional textbooks for.which commercial
test§'Seem inappropriate. Teacher-made tests can be among the best means
of assessment sihce, when properly constructed, théy reflect the unique
content and processes that students and teachers bring to the lessons.
Caution is_advised; care should be taken in the construction;of
teacher-made tesﬁs (1, 6). They mﬁst be both valid and rel;gble (15). A
recent survey of teachér-méée tests showed ﬁhat many are weék. since they

did, not reflect’'the level of difficulty of the concepts taﬁght.' Others

did not measure what the teacher intended them to measure. Inspectioh

SR B 5 Y A
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shoﬁéd many tests contained ambiguous items, others failed.to
discriminate between Students who knew the skills or conceéts and those
who didn't. Teachers should make sure the tests measuré what the teacher
iﬁtendslto measure'fvalidity) and tha£ a student Qho recéives a high
score on the‘test one day would receive an equivalent score on that test
or a similar test on é subsequent administration (reliability).

Since many teacher-made -tests dgg't hold up to scrﬁtiny when checked

~ . ~—
for ambiguity of items, the results of thosé‘ﬁeacher-made tests should be
interpreted cautiously. |

Tegts can be put to more than one use. TOne technique allows
students to read sample test items but, instead of answering them,
commenting on wha£ they think is being tested. This allows teachers to
discover whether or‘nét students have missed cﬂe boint of a lesson. It
allows teachers to gain inéights into the reasons ;hy students might be
haﬁing difficulty learniné concepts or techniques that Karplus,
.McDermott, .and Minstrell, ampng others, have ciﬁed as a major issug
science £eachers must undertake in asseésing students' science knowledge
(26, 27, 31).

Other types of evéluations, classroom observation schedules,
questionnaires, and checklists also can be.adaéted frém instruﬁents
designed for alass;oom use (3, 9, 25, 31, 32). Many instruments,
although not specifically developed for use in science'qiaéses, would be

suitable for evaluating sbme.of”tﬁé=iypical instructional processes used

)

in teaching science. ) . Y

. Once I've evaluated my students' performance, what is tﬁe best use I can
make of test score information?

Once teachers have agsessed students' learning, they can usejphe

) . E .
E T(j information to decide whether the lesson goals have been met. By

112
. , ._1.“
reviewing assessment results, teachers can ask themselves if, having set

Aruitoxt provided by Eic:
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goals for students, those goals have been met: ~“They can ask:

o Have the major concepts_beeﬁ‘understood?

o Do students understand the special vocabulary and the
scientific terms? Can they apply them appropriately?

o Do students understand the. relation-between the new
information they learn each day and what they 1earned a day,
week, or;month\before? '

o Can students apply to new situations the scientific
- procedures they have learned?

Teachers should be the first ones to analyze students' scores since

S

they will need to think'about the implications of students'’ test
performance for future instruction. They will want to know: "Did a1l

the students master the topic?" and "Are there any students who need

e N

additional time or practicerbefore they move on to another topic?"

Assessments for each of the following purposes can.be made:

~

\
Lo .

o DlagnOSlSo By usxng both pretest scores “and posttest
scores, teachers can judge what students knew when they
- started working on a topic, what they have learned over the
course of instruction, and what they still need to learn
for optimal understanding. A teacher might say: "y was
going to teach students how to compare and contrast
different cbjects before teaching them about the plant
kingdom, but since they already know about those
comparisons, I will go directly into the unit on plants."”

o Comparison. By comparing the scores of all students in a
class, teachers can ask if one group of students achieves
at a higher level than other groups. A teacher might say:
"The higher-ability students know more of the basic
concepts but the lower-ablllty students really profited
from our use of the three-dimensional models and our
reviews of the téchnical vocabulary. With another review
they should be able to master most of the information in
this unit."

O

ERIC | . 113



~—

16

o Prediction. By relying on test information, teachers can tell
students how well they are progressing. Reviewing a student's
test performance the teacher might tell a studert: "Unless you
study harder you will have difficulty with the next unit. The
work in that unit builds on what we are studying in this unit
and you will need a better understanding of the concepts and
vocabulary than you have shown on this test.”

The instruments teachers use for tﬁese objectives should be'
considered carefully. A true/false test might yield easily scored
answers hut might not give a ccmplete picture ot a'studentis
understanding (or lack of»understanding). Essay tests, orllab work,
might give teachers more opportunity to assess students' knowledge. The’
myth that. essay tests or lab work cannot be quantified should be |
dispelled. " If a teacher knows what concepts and skill§£are being tested
and devises a grading system to analyze the students' wcrk, then essays

or lab work can be quantified and quantif’>d consistently from student to

§tudent.

— —_

Having\decided‘which purposes should be met, teachers should
communicate test,results\and,the ccnsequences of testing to students. In
doing so theylneed to consider how they.are going to communicate the
testing results. If_teachers plan to report back to students and oniy\to
students, they haveia wide range of choices. They can comment directly
on the student's work. They can write a critique or give suggestions for
improvement. Alternatively, they might simply assign a letter grade or a
number grade. Then they should explain their criteria for assigning each
grade. If scores are to be reported to parents, fellow teachers, cr
principals, teachers will want to make sure that the audience understands
what has been measured, what standards were used for assigning grades,
and what foilouupfis planned. Students who need special help should be
identified and'students/who,have made a special contribution should also

be noted.
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Whatever choices a teacher makes, it is important that those choices

"be governed by a match between instructional goals and assessment

s

metho&s. It is also important to realize that teachers have some control
over what they measure and how they measure it. Finally, it is important
that students (and parents and principals) receive comments on the

assessment results. It is important not to let students fall farther ‘and

///fartHEr vehind in their work as the school year progresses. If teachers -

explain carefully the reasons for evaluating students’ work and help
students. prepare for their ﬁesté,-then all‘students wiii show some
progres;- If téache;s explaiﬁ the purposé of tesfing--that it is
designed to help éhe student learn¥—thgn students Will come to view
testing as a”w;y to help themselves ana not as a process designed to

frighten or frustrate them.

I want to measure more than students' achievement. How can I assess
students' interest and their attitudes toward science?

Measuring students' science achievement is not the only way to
evaluate students. Attitudes and interests play a major role in

students' learning (i4f 21). Currentiy there is concern that girls'

‘science and math achievement is not as high as boys'. Fewer girls take

advanced science and math courses and elect careers in science (13).
) .

Concern has also been expressed because students' knowledge of
science and scientific processes differs from scientists' perceptions
(13).' Precoﬁceptions are not easily chapged, and gifted, creative

students who perceive science as a series of sterile, rote memory tasks
A .

\ .
may be deterred from choosing science as a careers.

4
i
i

=
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Surveying students' attitudes and interests plays a major role in
dreating a climate where good science teaching can take place. 1In
surveying students' attitudes toward science, the following topics should

be included:

o perceived usefulness of science;
o confidence in learning science; -
. o perception of science as a male domain;

o perceptions of parents' interest, attitudes, and stipport of -
science and science careers; )

i
i

o perception of science ability;
o 1liking for science; and

o anticipated success in science or science-related careers.

Several student attitude/intgrest surveys have been developed (7,
20, 23,'24). Attitude is even more difficult to measure than achievement

(1, 6; 28). Discussions and sample attitude surveys are available for

teachers to review (1, 6, 25). However, researchers and practitioners

question the values of those surveys and advise caution when interpreting
the results (1,.28). In spite of careful development, it is not clear
that current attitude surveys are valid, that is, they may'not measure
what they purport to heasure. We don't know if current attitqde surveys

measure students' attitudes or if students are .respor iing because an -

answer seems to be socially acceptable. We also don't know how today's

scientists would respond or how they responded when they were students.

- Sometimes, in answering” that type of survey, students often deceive

themselves. For example, not knowing that scientific careers can be

intellectually challenging, a talented sﬁudent might circle "strongly
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- with different attitudes and values, migh£ circle the same answere.

power of science and scientific training.

disagree" to the question: "Would you enjoy a.career in science?" Since

words have different meanings for different people, two students, each

ﬁecause we can't be sure [what attituée surveys measure, teachers are
advised to interpret survey resuits with the same caution they would use
in interpreting teacher-mddg/tests: Whatever the method of assessment
chosen, and whether its inéent is to help:students learn more effectively

or measure what they've learned, teachers should remember that the goals

"of evaluating students' science knowledge and ability is to help students

" ‘recognize their level of science literacy and to hglp them learn the

\
N\

BN

‘Summary

Evaluation of scienge teaching and learning can be conducted in a variety
of ways for a_variety of purposes. In érder for students, teachers, and
administrators to benefit from evaluation data, it is important that
evaluation of science learning be planned énd conducted as careful;yras are
theAscience lessoﬂs'thEmselves.

Many educational |decisions debenavon evéluatidn data. Are students
learning the skills %nd_knowledge presented? Can a course be restructured to
allow emphasis on different topics? Do students know the requisité'skills
that will allow them to.be successful in this class?

A sound é?aluation plan will captufe a large samﬁle of the skills and
knowledge taﬂéht. /Thus, a number of evaluaéion strategies will be required,
depending upon teaching methods, course structure, and learning objectives and

. | .
goals. Many science tests have been published and can b¢ adapted. The key,

of course, is in adapting the test to the particular situation.

e N
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Thomas R. Koballa, Jr., and Lowell J. Bethel, The University of Texas at Austin

Is there a relationship betuyeen science and other sublects ta ght in schools?

Sc1ence has always been given little attention in elementary schools; it~
has even been omitted from the curriculum of many. There are several reasons
for this unfortunate state of affairs. One is that elementary teachnrs lack
the requisite knowledge and background in science content (9, 10). Another is
that elementary teachers-generally harbor negatiye‘attitudes towsrd science
and sc1ence instruction (9, 10). In adaition, man& people, including
teachers, feel that.sc1ence at the elementary level is a frivolous, |
superfluous subJect and should be excluded from the 1nstructional day.

Few people view science at the secondary level as frivolous. In fact,
biology, chemistry, and physics are viewed by many as the springhoards.to
future occupations in medicine, engineering; and agriculture, occupations_'
important to a healthy and prosperous America; However, science at the
secondary level is taught in a uanner_thdt, for the most part, depicts the
structure of the discipline; not its usefulness to future citizenr&. Teaching
as they were tsught, secondary teachers don't know how to blend science with
other subjects. |

ﬁecause of these attitudes, science education has experienced a steady
decline for a number ofbyears at the elementary level and has become further.
removed from reality at the secondary ‘level. Results from the science
sssessments conducted by the National Assessment of Educational Progress
(NAEP) reveal a continuing decline in science achievement scores (80).
Attitudes toward science also have become progressiuely more negative over
time. - John Slaughter, former eirector of the Nationsl Science Foundation,

underlines the danger of this trend when he says, "The decline in student
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achievement in mathematics and physical sciénces at the precollege level has
reached a point vhere this country's strength in science and technology may be

affected" (23).

Neuman proﬁoses that highest priority'be given "to those subjects and

act1v1t1e8 that clearly provide students w1th unique opportunltles for

\
intellectual and emotional strengths“ (78) He points out\that science
\

develops -useful attitudes and knowledge that enable students to make informed ;
. . ] I

 decisions as adult citizens in a-democracy. Scientific activities develop

rational thinking skills, as well as communication skills. These process

1

skills (e.g., obser&ing; comparing, classifyihg, inferring) ate,required for

survival and success in life's pursuits.

There have been severalfattempts"to combine science wi:-h other
d1sc1p11nes within recent years. ".0st states that these changes in the

school's currxculum at all levels are -a reflectlon of the "needs of sociéty""

-(90) Many of these curricular attempts at combining science with other

d18c1p11nes are described using various terms such as 1nterd1sc1p11nsry,.

integrated, unified, correlated, coordxnated Qnd core (90) While there are
subtle differences in the use of these terms, the main point is that sciehce
is taught in some comblnatlon wlth other d13c1p11nes. '

The 1ntegratlon of 8c1ence with other d1sc1p11nes (e.g., language arts,

social sciences, f1ne arts, mathematics) has potent1al for improving both the

quantity and quality of science instruction and 1earning. Cohen and Staley

say that:

...integrating science in the general currlculum can help reflect
the relationships between science and other d18c1p11ne8, increase or
sustain student interest in science, increase teachers' confidence
4in their abilities to understand and teach science, increase
" gtudents' science achievement, and increase students' gwareness of
the role of science in everyday life and the role of sc1ent18ts in
society (23).
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Many concepts, process skills, and problems.found in science are
also part of ard central to other disciplines. For ‘instance, concepts
such as 1:;zf§ct10n, system, 1nterdependence, and interrelation are
1mportant to sc1ence, as well as to the humanities and ‘the social
sciences. Integrating science with other disciplines glves students a
‘more realistic view of science. Its separation from -other disciplines
presents science as an isolated subject and fosters incorrect perceptions
of its true nature. Teaching science as an integrated or unified subject
with other disciplines is a desirable goal (24, 66).

This chapter explores the reletionship°ef science with other school
subjecté. Two kinds of infqrmation are presented. 1In the reading and
mathemat1cs sections, research is cited to show that the integration of

“

science with these subjects has’ produced pos1t1ve effects on student
leareing. In the sbgial studleS; health, and fine arts discussions,
activities or curriculum materials are described that tan be used to
integrate scienee.with these subjects. In'theee settions, no claim for
increased studeant achievement is made. Integration in these Bubjects is
more philosophically based. That is; students develop greater
appreciation of and increased awareness of science's relationship to

gociety, health, and music and-art: |

e

What .can teachezs do-to .integrate .science with language arts.- ragrams?

The current emphasis on teaching the basic skills of reading and v;iting'
combined with stste mandates for minimum competencies in these areas have
. ) . . ¢
reinforced echoel administrators' and teacheérs' inclination to stress language

arts instrnction. Because science has not been identified as a basic skill,




science programs have received less emphasis. However, research indicates
that a strong experienced-based science orograu, one in which students
directly manipulate materials, can facilite the development of language arts

skills (124).

Kaw .are_reading-and science.similar?

Read1ng and activity-oriented sc1ence emphasize the same 1nte11ectua1
skills and‘are both concerned with thinking processes. When a teacher helps
studeats develop scientific processes, reading processes are slmultaneously
being developed (75, 110). Furthermore, science instruction provides an
alternative teacﬁing strategy that motivates students who may have reading
difficilties (124). - |

Processes and content are thevconcerne of both reading and science.
‘Content can be thought of as. specific concepts, the accumulation of detail, '
and generalization of particular 1earn1ngs. The reading skills and scientific //
skifls necessary to acquire and apoiy‘the°content,constitute the process (118).

The hands—on nanlpulatlve exper1ences sc1ence prov1dea are the key to the

g relationship between. process skills in both gscience and read1ng (71). SCience
process ski{is have reading.coonterparts (17). For instance, when a teacher
is workiag on "describing"vin science, students are learning to isolate
important characteristics; enurerate characteristics, use appropriate
_terminology, and use'synonyma. These are 211, of course,'iuportant reading
ekiils, too. Furthermore, when students have used the process skills of
observing, identgfying, and classifying, they are better able to discriminate
between vowels and consonants and to l2arn the'soonds represented by letters,

letter blends, and syllables (78). Children's involvement with other process

skills enables them to recogﬁize more easily the contextual and structural

]

clues in attaching new words and better equips them to-interpret data in a
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paragraph. SCience process skills are essential to logical thinking, as well

as to forming the basic skills for learning to read (7).

Does teaching science'enhance.reading;readiness?
Reading7readiness is defined as a skill-complex by Guszak (42). As a
N skill-cdmplex the component.-skills of reading readiness are,'therefore,
teachable. Of the three areas within the skillvcsmplex, two can be directly

N\

ennanced\:p science process skills. The two are physical factors (health,
N\

audit

itory

»\visual, speech, and motor) and understanding factors (concepts,
processes) (23. When students see,'hear, and talk about science experiences,
their understanding, perception, and comprehension of concepts and processes
may improve (7 8)

i Evidence suggests that early experiences in sciepce help children of all

l //sdcioeconomic levels in language .and logic development (118). For example,

/ studies by Kellogg and by Renner and his associates found that experiences

/ gained\\? first graders when involved in the Science Curriculum Improvement

. Study (SCI59 unit '"Material ObJects" improved children's scores ‘on the
Metropolitan Reading Readiness Test (MRT) (59, 100, lOl) ' The scores on all
sustests except copying exceeded those obtained by other first graders who
used'commercial reading-readiness programs (99).

\bther/studies that evaluated the effectiveness of SCIS units used to
promote reading readiness report\similar findings. Experiences with the scIs
first-year program greatly enhances children's ability to;conserve'quantity,
an essential indicator df reading readiness (100, 101). In another study,
Maxwell'used measures from MRf and the Marianne Frostig Developmental Test of
Visual Perception to assess the effect of selected SQIS activities on reading

readiness (73). Maxwell provides evidence that SCIS activities produce

significant, positive effects on kindergarten children's reading readiness

scores (73)( . | : 120




Neuman also argues persuasively for proviéing inner-city kindergarten
children opportunities for experiences with natural phenomena to improve
resding (86). Using the MRT to measure the effectiveness of the experiences,
Neuman found that science activities provide opportunities for manipulating
large quantities of multisensory materials. This manipulation promotes
perceptual 8k1118 (e.g., tsctile kinesthetic, auditory, and visual) (86).
"These skills then contribufe to the development of the concepts, vocabulary,
and oral language skills (1istening and speaking) necessary for learning to |
read" (124). ’ :

Other sthdies~hsve tested the effectiveness of:Science;-A Process
Appro;ch (SAPA) oh reading readiness. “Ayers and Mason investigated the

influence of SAPA, Part A, which emphasizes observation and communicating with
) ‘( -
others, on kindergarten students (6). They found that klndergarten students
who used SAPA outga1ned those who didn't. Ayers snd Ayers concluded that the
SAPA affected students' reading readiness by eﬂhanc1ng thelr ab11rty to
peréorn six‘conservation reasoning tasks (5). The conservation tasks
performed were number, lieuid anount , solid'anount; length, weight, and area."
 The work of Ayers and Ayers substantiated the ear11er finding of Alny that the
ability to conserve is an 1mportant factor 1n beglnnlng reading (1, 5).
: ¢

" These studles and others clearly indicate that the nationally=-funded

science curriculun projects, as well as other sc1ence prograns that emphasis

‘hands-on manipulative experiences, enhancefthe developnent of process skills
in young children (88, 102, 105, 112);; The attainment of process skills
" developed by such science experiences are positively correlated with the

development of reading :gadiﬁégé.



-(124). \\

Can science .imstruction increase reading skills in .the intermediate and upper
elementary grades?

Improving -reading skills through activity-oriented science progranms is
not limited to preschool or. primary-grades. When testing the effectiveness of
SCIS on 5th graders, researcn conducted by Webber and by Renner and his
colleagues found that SCIS was effective in develoning the science process
skills of observation, classification, and communication, which enhance
reading skills (100;4122). Using SAPA'activities for onme hour a day for a
period of twelve weeks, Esler and Anderson fourd significant improvement.in
Sth graders' ability to identify story outcomes, as measured by the California
Test of‘Basic Skills, when compared with students not using SAPA (29).

Other studies, by Campbell Kraft, Olson Q01nn end Kessler, viewed
cumulatively, suggest that science 1nstruct1on at the intermediate and upper
elenmentary grades does improve the attainment of reading skills (15, 63, 89,

95)., The findings reveal that students have derived benefits in the areas

. of: "vocabulary enrichment, increased verbal fluency, enhanced ability to

think logically, and improved concept formation and cormunication skills"

\

How._can teachers.use science activities to enhance.read 1ng skills?

Reading is a means to extend our own experience. Through reading we

experience--albeit 1nd1rectly--th1ngs that _are_not. present in our 1mned1ate

environment. An obvious answer to the question, then,~1s to read about.

science._ lerary books can serve as-a valuable science resource. In keeping

. 1

records of the books children checked out from the s“hool library, a librarian

in Rochester, New York found that science books were the second most popular

category (ao). Science books were surpassed only by fiction books, many of
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" happening, such as "evidence of interaction."

which were science fiction or iﬁ science fields (40). Library bobks'also
increase the possibility that materials at the reading levels of students will
be used.

Teachers can intégrate reading activities in their science classes to
augment students’ hands-on experiences. After étudents have exﬁerienced
hands-on man1pulat1ve act1v1t1es, words and terms can be "invented" for what
they have been doing. 'Operatlonal definition" is the term used to describe
the new words or terms that evolve from s:ydents experiences (117) As
students handle materials, they invent new\words or terms to describe what is
' Follow-up activities,
presenting the same concept in new situations,\can then be used to-reinforce
the ?oﬂcept. For example, when dropping an Alka-Seltzer tablet in water a
teacher could sa}: "fhe bubbles are 'evidence of interaction' (new invented.
term) between the Alka-Seltzer tablet and water." Nexf‘ another activity
could be performed using 1nteract10n--m1x1ng colors, past1ng a collage, or
conducting a smaii group discussion. Students could then be asked to 1dent1fy
the similarities and the differencés in the original task and the others.

Textbooks also can be used to enhance students' hands-on, manipulative

experiences. There are many ways that science textbooks can be used to expand

an activity-oriented science program. They are a reliable rescurce. of science

_facts,_concepts, and’ principles. In using textbooks, it is important that the

‘textbook matches students' cognitive levels. . To ensure that each student gets

the maximum.benefit from using science textbooks, individualizing textbook
assignments may be‘necessary (77). 1In éddition, helping students learn Co
locate and prganizé inform;;idn from science textbooks provides them with
study skills (127). Readihg can be used as one of scizace's processes to find

and share other people's information and to check the validity of students’

_own findings tlﬁ)- | . 123
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Do science experiences enhance oral and written communication skills?

As with all process skills, only‘through actual practice does conpetence
in oral and written communication develop.:"The learning of discrete
grammatical facts and practice at giving speeches are insufficient.

Involvement in act1v1ty-based science programs’ prov1des learners with a
multitude of exper1ences to dtaw from when they think and write (llO)

Teachers can.explo1t science experiences that occur as a result of
act1v1ty-based programs by encourag1ng students to write. A written tecordl
can easily become the culmlnatlon of almost any activity-based science
experience. This written record can, of course, take several forns. First,'
gstudents can be taught to use the styles and forms used by working scientists
when they prebare iab reports. Teach1ng the special conventions of sc1ent1f1c
reporting will lead to an increased Qnderstandlng by students of the influence

\
of subject, audience, and purpose for\wrltlng.

\
Students can also write their sc1ence exper1ences in more anecdotal

!

\

forms. -Short stories in the form of ac1ence fiction, journalistic reports of
class act1v1t1es in science, and¢ students’ own reflections about a_science

class, recorded in a personal Journal, are all ways to record the outcomes of

a1
[

4 science class while simultaneously providing practice in writing. With all
the natural conjunctions between writing and- science, it is surprising that a

recent survey of teachers reveals that teachers of science‘seldom use writing

‘to stimulate or %o reinforce creative thinking. More than teachers of any

other subject;'secondary“science teachers rely on writing only for testing how
well students have mastered content 3).

Studying the relat1onsh1p between creative y:iting and science
exper1ences, Jenk1ns notes that, when children write.their own reading

naterials, their wr1t1ng scores 1mprove slgnlflcantly (57). The major things
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they write about are science and social studies. One study revealed that 40%
of the nords beginning writers chose to use were related to scicnce
experiences. Furthermore, Knight found that science demonstrations presented '
as stimuli prior to student writing sessions resulted in significantly more
creative writing than other stimuli (62). The reason for such findings,
suggest Mechling and’ Oliver,.is that learners are motivated to write about
things they know and like (75). Realizing that the words they are using are
not found on their spelling list or in their reading book seldom hampers the
creative efforts of elementary students.(75).

Guidance in selecting science-related topics about which students can
write may be obtained from‘many sources. The more than thirty theme‘ideas to
foster creative writing suggested by Reid and McGlathery range from .
"sluething"' to “v1s1t to another planet" and can be adapted. for use at the

elementary or JunlOt high school level (98). Additional suggestions for

stimulating creative writing based -on the science topic "machines" are

presented in an article by Cacha entitled-"Children Create Fiction Using
Science" (18).

Strenski suggests that teachers present a ready-made data set of science

!

facts from which four or five bits of information can be chosen and pulled

together into a paragraph. As part of Project Write,:which uses this

approach, a list of science-~related writing activities was prepared for use in
I

‘grades K thréugh 12. Some of the suégested writing activities included: keep

J

a jourmal of?class experiences, criticize a science news article, and

investigate and report on a science-related career (32). Having students
! : ‘

construct nfrratives to be recorded on cassettes to synchronize with film

- strips is another way to stimulate sc1ence-related creative writing (68).

i
!
f
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The interpersonal communication between teacher and student can also be

improved through science-related writing. Stulp suggests using index cards as
I‘ i
communication tools when it is difficult to personally talk with each student

{

l
each day.w By communicating in writing on the index card, students can ‘benefit

from- practice in written communications and the teacher can find out more
about students who may avoid oral communication in science class (115).

Wori with children from inner-city schools by Bethel and by Huff and
Languis found significant gains in children's oral communication skills when
they paft1C1p8ted in SCIS and SAPA activities (8, 53). In tests of language
outputJ vocabulary; sentence structure; and classifying, transmitting, and )

|

receiving oral communication skills, children who were exposed to SAPA

l
out-performed students who were not (53). A similar finding was reported by

Rodriguez and Bethel. Bilingual students who participated in hands-on inquiry.
activities scored'significantly higher on the Test of Oral Commumication

Skills than students who did not (103).

E

In studying spontaneous and student-initiated speech, Rowe discovered

that spoken language in science ¢classes exceeded that in language arts classes

by more than 200% (106, 105). She also noted that when: teachers paused for

v

'between three and five seconds after asking a question and following students

regponses to the ques ion, language and logic development were enhanced (107).

Daes involvement_in science-expe:iencesienhance the language developmentggg‘
‘students.with speCialnneeda? .

3

Research has shown that~science can enhance the language development.of

3
1

Fhildren of limited English proficiency, of children from other ethnic
backgrounds, and of physically handicapped children. American Indian children
scored higher on Stanford Achievement Tests after being exposed to the process

skills of Elementary Science Study (ESS) (64).. Other studies have shown that

A
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Spanish-speaking first graders e*perienced an increase in their abil?éy to
form comﬁlete'sentences, in their attention span, ;n auditory discrihinatiqn,
and.in listening ability after exposure to sAPA (51, 1145.

‘Science® experiences. also help-students-who are-physicaliy handicapped.
The oral communications skills of ;eaf children were found to improve when
involved in ESS and SCIS (145f When exposee to SCIS and SAPA units providing
hands—~on manipulative experiences, visually-impeired students developed
science process sk1118 and concepts (69, 70).

Def1c1ency in the acq0181t1on of categorlcal systems that underlie
language was also found to be eliminated when'deaf students were involved iﬁ
inquiry lessons structured toward the develbpment of classification skills,
and based on the physlcal manipulation of obJects (13).

Several science programs des1gned spec1f1cally for phys1ca11y
'd1sadvantaged students also stress. hands-on man1pulat1ve experiences vital for
the attalnment of sc1ence process skills and concepts. The Lawrence Hall of_
Science of the Un1ver81ty of California, Berkeley, with federal support, has
produced a sc1ence progranm for the v18ually 1mpa1*ed called Science Act1v1t1es
for the Vlsually Impalred (120). It was developed by nany of the original
SCIS team and reflects many of the or131nal SCIS 1deas. Other programs for
the physically d1sadvanteged are Adapting Sc1ence Enrichment for the Blind and
Science»Enfichment for Leatners with Phyeical Handicaps.
| A language development program ﬁﬁqt includes active science expefiences
serves a-duel purfose kSé). The seience ex;eriences appeal to students'
curiosity, end they provide somethiné concrete and stimulating to read, write,

.

and talk about.
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What is the relationship between science and social studies?

Many of the decisions concerning the societal problems that we face today
require a basic‘understanding of science and technology. Science and social
studies are clearly related. Both have a specific mandate uzth\regard,to the
. ! - »

development of an informed citizenry, which is thé sine qua non of a democracy.

Studies of secondary students and their science experiences reveal little
Vo : :

to no growth in science concept mastery over the secondary school years.

_Indeed, factors other than school contribute significantly to students'

science knowledge (76). In investigating students' attentiveness to science,

Miller and Voelker found that 9OZ‘of the college-bound high school students
and 96Z of the non-college-bound'high school students were unattentive to

science (76, 121). . Responses to surveys »f public awareness Heveal that a .
ma;orlty of 13~ and 17-year-olds have no understand1ng of the relationship -

between science, technology, and society in the areas of energy,/food

i

\productlon, populatlon growth, and environmental problems (80). Slmllarly;

' fewer students than ever understand the functioning of the U. S. Congress,

\

(
know that the- Senate must approve the appolntment of all Supreme Court

jLstices, and "are able to explain the bas1c concept.of democracy (79)

l

These results cannot be viewed gxth much optlmlsm. They suggest that
Lence and social studies educators are not preparing students capable of

% ng 1nformed and responslble decisions regarding social 1ssues,rsC1ence,
afid t

|

part1c1pat10n in democratic procésses. The discrépancy between current

chnology. “Further, questions arise concerning the students' future

societal issues gnd the knowledge ‘and attltudes of students helps to delineate

the \educational cr1s1s and to illuminate the needed ‘direction of changee
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science«related social issues are Project Learning

Science and sqcialAstudiee~educators alike have made an impressiue case
for the extensive %nfusion of science-related social issues in the general
education of studeAts._.Both groups are critical of the eontreversial
currieulum patterns| that ieolate the study of science from the study of
society; both grouph stress that students must be taught to understand,
apprec1ate, and appraise the impact of science and technology on society (20,
25, 56, 111). Poll\t1on, drug use, euthanasia, biological and chem1cal
warfare, weather control, and many other areas are seen as_integrat1ve themes
around which instructional activities could be developed (?7). Moreover, both
educator groups see camuon‘goals.in the broad areas of knowledge,‘values, and

. ; )
beliefs, and in decision-making skills' development (37, 81, 83, 92, 111).

Are. there_programs_avallable-to asgist teachers_uhc are interested in .dealing
with science=related_ soc1etal-lsaues?

Several science programs have been developed that ettenpt to teach values
clar1f1cat10n in conjunction with sc1ence content. Biological SCiences
Curriculum Study (BSCS) has developed junior h1gh and senior high school

programs " that explore human‘eelences and genetics snd that emphasize values

clarification regarding politics and issues that have been raised by

‘gcientific and technologlcal advances (ll 54, 55, 74). Currieulum materials

. and instructional fllms have been developed with fund1ng from the National

Science Foundat1on Ethlcs and Values in Sclence/Technolggy Program. These
\

‘materials present b381c ethlcal theor1es and help students develop and defend

their ethical positions (108). " ' ' )/[
Three programs that help students think about ﬁe environment_end
/Ztee, Project WILD, and
Pro;ect SCATE, or Studenta Concerned. About Tonorrow g Env1ronment. Project

Learning Tree activities place the use of natural resources in a cultural
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context, providing opportunities for students at all levelé to explore the
historical and present=day effects of these resources on people and people's

" effecte on them (2). Issues concern1ng peOple s interaction with their

environment are also a part of Project WILD. The materials help students

P

-AEquire the knowledge, skills, and commitment to act responsibly in decisions

concerning wildlife and habitat, "beginning with the recognition that the

earth is home for people and wildlife" (125). -

Project SCATE was designed as an environmental 1nvest1gat1on/pol1t1cal
part1c1pat1on program for use with Icwa strdents (45). Investigations force
students to consider both the ecological and social ram1f1catxons of a variety
of problems (e.g., thermal pollution o6f the Des Moines River) in proposing
solutions.

The National Science Teachers Association (NSTA) is one of saveral groups
sponsoring the deVelopment of curriculum‘mereriale to assist stu&ents in
clarifying tﬁeir‘ralues about the use of energy (31). Another is BSCS, which
has developed a ;ine-week iestructional unit in which high school students
learn about decision-making skills and - nergy issues (11). During the course
of the unit, Energy and Science: Investigations in Decision-Making, students
‘discuss basic information about energy, expiore'some possible consequenceszof
energy decisions, and aelect an energy-related research problem to investigate
(49). Through consideration of empirical data and through examination of
.persona1=and cenmunity values, students attempt to arrive at energy

ire cormendations" for the1r conmun1ty au).

An innovative program for elementary studenta that teaches

decision-making skills regarding societal issues is Man-eA Course of Study.

The program ‘presents an intensive study of man in society--as culture-builder,
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ethical creature, tool-maker, and dreamer (30). The Netsilik Eskimos efrthe
Canadian Arctic are Btudled 1n-depth because their society is small and
technologically slmple, yet the problems 1t faces are unlversal.

A more recent attemp; to identify st111 other programs that foster the-

science and technology in society theme is the NSTA Search for Excellence in .

Science Education. The national search was for programs in five areas, each

of which focus on one aspect of science education: elementary science,

biology, physical science, inquiry, and science and technology in gociety. In

looking for exenplary'efforts that desl with the interaction of science,

technology and society, programs were'identified that used eithet'energy,
populatlon, human englneerlng, environmental quality, use of natural
resourCea, national defeqLe and space, sociology of scxence, or the effect of .

technologlcel developmené as the 1ntegrat1ve thtead to link learnlngs in

science and social studles (92 94). ‘Ten such prograns were identified as

exemplars of the sc1ence-technology-soc1ety focus (93)

Whether these exemplary programs are used or not, incorporating the

|

science-technology-society theme into the curr1cu1um is relatively easy in
many elementary schools, since the same teacher is responsible for teaching
both science and.social'atudies. In schools where the same teacher is not

responsible for both courses, teachers can team teach (104) or, at a minimum,
. . . . . 2

plan their courses together. Such team planhing;allowa teachers :5 coordinate

‘the curriculum by 1dent1fy1ng common skills and concepts that advanca the

science-tachnology-society theme. Then these. common ak1113 and concepts are

stressed in both classes (61).

Hqgucegﬂ*‘eehepp_gse\nqique,exgetienceq.tq.tepchehealth?

. The traditional approach to health education has consisted largely of a.

1is: of "don'ts". that qdickl} beconme tedious. 'Don't drink;" "don't smoke;"

" 133



17

"don't use drugs." Today that list has been expanded: "avoid caffeine;"
- "limit cholestrol intake;" "add more fiber toc your diet;" and so om. Whlle it
is true that each of these rules has some health benefit, the poor impact of

.this approach to health education has been well documented (44).

Further contributing. to the shortcomings of health educatlon today is the

way that topics of health dre taught. At both the elementary and secondary
levels; these topics are presented by textboah reading or lecture only (123)l
Moreover, students report that the ‘same topics are studied year after year
(50). It is no wonder that students.assert that health is boring and -
:epetitious.> |
Health courses need not be boring and repetltious.a By deyelopiag an

cceptable scope and sequence for health concepts and by reinforcing health
concepts through science man1pulat1ve experlences and laboratory act1v1t1es,
students will see ‘the relevance of health education to thelr lives.

Health is obviously a sub-set of science. A great deal of the content
that one normallylaesoc1ates with health is aiso the content of scieace.
Health top1cs such as food and nutrltlon, human genetics, health and d1seases,

nd human body systems are common to all elementary sc1ence and biology -
programa (123, 128). The d1st1nctlons between the two dxsclpllnes become hazy
when such top1cs are considered. The inportant point is not whether this
commonly-shared content is taught in sclence or health class, but whether'it
'is taught in an educatlonally sound manner (75).

The content that is common to sclence ‘and health can be taught in either
science orihealth class. Involv1ng students with science processes and

teachlng them th1nk1ng and declslon—maklng skills appllcable to their own

hecalth makes the common content more than an exercise in reading or llstenlng.

é

i}
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Curriculnm materisls_that take the perspective outlined above are being
developed for elementary and secondary. students; One such program is the
Teenage Health Teaching Module (12). snothef, being developed by BSCS, is a
comprehensive health education curriculum for students kindergarten through

8th gtade. The curriculum materials being prepared will emphasize individual

responsibility for health, improved health decisionﬂmaking, and attitudinal

. and behav1oral changes regarding health-promoting lifestyles (12).

A third example, designed to help students sharpen their sc1ence process
skills and practice their thinking and decision-making skills applicable to
their own health, is Health Act1v1t1es Project (40). Developed in the late :b
l970s,'the program 1nvolves elementary, middle school, and junior high school
students with their own health and safety through discovery att1v1ties.
Students learn how their bodies function, Hhst their bodies can do, and how

A

1ndiv1duals ‘can make changes in the way their bodies perform.

Is it:pogsibie_to_integggteuscienceusndﬁthe_fine,aftsl

The relationship between science and the.fine arts is not as well
described in the literaturs as ths* between science and other subject‘areas
such as mathematics, social studies, and language arts.- Nevertheless, obvious -
relationships do exist between science and the fine arts, particularly art and

music. The literature indicates that when science and the fine arts ‘are

L e
iptegrated, bothcfnfiicular areas profit (43, 75)¢

How can.art be.used in.-science.classes to_enhance;leatning?

Science and art share common learning experiences and procedures.

‘Manipulating, describing, and demonstrating areqintegral to the process of

: v

learning in both disciplines. In both science and art, a body of information

'exists that is presented and comprehended prinarily throu§h the. "student's own

partic:.pation and production“ 43). . 138



Integrating ac1ence and art has saveral specific benefits for students.

It facilitates learning ‘about the importance of mental concentration and
careful observation involving all the senses. It helps students,to recognize
that there is beauty associated'with science. Furthernore, the integration is
another demonstration that 1nformation learned in science is'relevant beyond

- the confines of the science classroom and the school building, or that m
learning in one subJect can be used in another subject &rea.

The practice 11terature--teachers writing from their own
experience—-describes the integration of science and art, not as a contrived
_and unnatural overlapping of disciplines, but as a beneficial partnership.

For exsmple, Chetelat ﬂeseribes.how science and art can be integrated at the
elementary level (21). Raren describes“aiprogram;that integrates biology and
art so that both coarsesiretain their individual integrity (58). Matray and
Knorr describe hon biology and art can Se incorporated into an existing
curriculum using a team~teaching approach (72). Their effort resulted in the
preparatian of attractire, accurate renderings of animals_ane plants. Another -
benefit of the integration was the enhanced stadent awareness of cereer
pos51b111t1es in biological illustration. These teachers’ efforts,not only
demonstrate how art and science can be 1ntegrated but a1so represent efforts
by teachexs to construct 1earn1ng experiences appropriate for their students.

Aside from the programs de31gned by teachersat individual schools, few
‘large scale programs have been developed. that 1ntegrate science and art. One
such program, ‘designed. for the elementary grades, 18 Outdoor Biology

. Instructional Strategies (0BIS). In one OBIS activity, children create
"animals" by paintiné vegetables to camouflage them. .Ihey then hide thenm in
the school yard for others to find. In another OBIS activity, students use
clay, pipe cleaners, construction paper, and other materials to "invent"

Qo ' )
E[{l(: ——»plants which-are-adapted to.certain env1ronnenta1 conditions. .
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Another‘reaource for teachera.ia a volume presenting a series of
laboratory science and art lessons for nainatreamed classes in kindergarten
throuéh 6th grade (43). The lessons presented in the volume are appropriate
lfor use with deaf, blind, or emotionally ‘disturbed children of normal
1nte1113ence, as well as with children without learning difficuitiea.

Throughout the volume"\natch boxes" serve to help the user relate science and

art 1earninga 43).

What_are_sone activities to_ahow_the re1ationah1p_between gcience and m031c?

The study of vibrating systems offers an opportunity to emphaaize the
re1atienahip between acience and music. By using simple muaical 1natrumenta
made from paper drinking strawa, rubber banda, string, or aoda bottles the
re1ationahip between phyaical and muaical v1brating ayatens can. be
demonstrated (75). Investigations uaing a hackaaw blade sr rules fastened to
the edge of a table_top, a awinging pendulum, or an electronic sound |

3

synthesizer can be used to demonstrate éhyaical vibrating ayatema that are
"damped" or "auatained“‘(126) With the knowledge gained in the
investigation, elementary and aecondary students c1a881fy musical 1natrument8
as either damped or sustained according to the Vibrationa produced by playing
the instrument. .

Other experiencea that relate science to music can be found in ESS (27,
28). Two ESS units afford elementary atudenta the opportunity to create
vibrations and sounds and to alter the pitch and intenaity of sounds they

create. These units alao provide directions for conatructing musical

inatrumenta from a variety of commonly found materiala.

ot
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Daes 1ntegcating_science&and_mathematica .ephance the .learning of mathematical
skills_and-concepts?

Science and mathematics are integrally related. On; cannot 8peak of a
viable science curriculum without~considering the integral role played by
mathematics, and vice versa. Mathematics, to a great extent, is the 1anguage
of science (84). The development of skills in logical mathematical reasoning
and problem-solving is a goal of both science and mathematics instruction (82,
85). In the 1earning env1ronment, science and mathematics reinforce each
other, thereby fac111tat1ng better cognitive development (1) Through the use
of mathematics in 1nvestigations, students gain better insight into sc1entific>
concepts and principles.

‘Mathematics is a discipline based on abstractions. Integrating science
and mathematics experiences is commonly recognized as a means of helping

udents 1earn abstractions by relating abstractions to meaningful experiences
(65). ' i

Reports of individual teachersv attempts to integrate science and
\

mathematics in their classrooms have appeared in the 11terature for some time
(26, 60, 91, 96). &hese and later attempts to integrate science and
mathematics were based on the intuitive assunption that such an arrangément
would produce better 1earning outcomes. However,'other than an inconclusive
1nvestigation by Gorman in the early 1940s (39), no’ attempts L0 empirically
test the intuitive assumption of enhanced 1earning outcones through science
and mathematics integration were undertaken until the 1970s.

In 1976, Kren studied the abi1ities of 4th and S5th graders to 1nterpret

and construct linear graphs and to construct -and measure angles to empirically

establish the .efficacy of the integration of science and mathematics (65).
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Uaing lessfns drawn from SAPA and from Modern Hathematics. Structure and Use
(1976 edition) Kren's study indicated that the 1ntegrated science-ma thematics
curriculum was as effective as the trad1t1ona mathematics curriculum in

teaching the construction and measurement of angles. Furthermore, it was

~.),

e

found that the skills of construcring and 1nterpret1ng }1near graphs can be
taught with equal effectiveness using e1ther the science curriculum,
mathematics curriculum,_or the integrated science-mathematics curriculum. The
results of Kren's study suggest that science activities are just as effective

. in teaching seiected mathematical skills as mathematics instruction alone.
They do not, however, conclusively prove whether science and mathematics
should be taught separately.or as integrated subjects.

In a related study, Shann evaluated the effect1veness of Unlflcd Science
and Mathematics for the Elementary School (USMES)*on the learning of selected
mathematical. skills and concepts (109). Her findings suggest that using USMES
to supplement a traditional mathe. . tics program results in students 1earn1ng
more mathematica;-skills and concepts than 4tudents not using USMES. Shann.

hypothesized that the cause of. the difference in performance vas that
Hmathematical skills and concepts had nore meaning for those students whose
mathematics program was supplemented by USMES.

More recently, another investigation to empirically establish the
efficacy of science and mathematics integration was undertaken by Friend and
.others (33). The investigstion attenpted to determine how integrating science
and mathematics in a 7th-grade physics unit affects students' attitude toward
science and their acouisition of épecific_physica facts and principlesl Their
results indicate that students, whose standardized mathematics scores
-c1a331f1ed them as being at 1east two . years above grade level and who were

a” . 3

~ taught the physics unit 1ntegrated with selected mathematical skills, scored
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significantly better on the Test of Physics Facts and Principles than similar\_ ‘

students who did not have such integration between disciplines. No
. |

significant difference in attitude toward science was found between the groupsi.
\

The results suggest:that enhanced 1earning outcomes can be realized when

selected science and mathehatics topics are integrated.

Does teaching acience enhance_achlevement in mathematics?

P

Research has demonstrated that a variety of science experiences can

facilitate the transltion of students from one level of cognitlve development
\\ -

to the next (1, 5, 6, 34, 99, 113). A relationship between science and |
“ !

mathematics is suggested by the fact that one's achievement in mathemarics is

related to one's level of cognitive development.

Obliviousuof Piaget's research, many elementary teachers assume that \if
 students can count, they are conservers of number. and should.be able to ad\
and subtract. - Hoveyer, this is not the case; knowing the meaning of "nuuber
is a quantum cognitive leap from being able to count. Preoperational children
who can count are doing nothing more than repeating a memorized sequence of
names .

One of the first indicators that a child can_engage in operational
thinking is when an understanding of number is demonstrated. To attempt to
involve children in experiences requiring an understanding of number prior to
having learned the significance.of number through working with objects“is a
futile exercise (4). Involving students in "hands-on".science activities,
where they count and manipulate objects, provides experiences that contrihute
to their understanding of number. In addition, science experiences contribute
to the developmentvof other operations basic to the study of mathematics.

Some of these operations are: conserving substance and length, one-to;one

correspondence, ordering, seriating, and classifying (16).




The contribution of science experiences to.the development of operations
basic to the study of mathematlcs is substantlated by research. In studying
the relatlonsh1p between students ab111ty to conserve number and quantity and
mathematlcal performance, Almy found that students having the ab111ty to
conserye experience greater success in 1earn1ng mathematical skills and
concepts (1). In a subsequent 1nvestlgatlon, Almy tested the effects of the
Greater Cleveland Mathematlcs Program, alone and in cohJunct1on with either
SAPAlor SCIS, on students ability to perform a series of conservation (e.g.,
number weight, c1ass inclusion) and trans1t1v1ty tasks. Her results indicate’

that students who had mathematlcs-sclence programs performed better on the

conaervatlon and trans1t1v1ty tasks than did those who received only

mathematics instruction (1).

[

Other studies substantiate the findings of Almy. Renner and Stafford

found that SCIS caused significant gains in conservation of number»and;length_____
.and other rela\ed operataonal abilities among kindergarten and first grade - |
students (99 113) Further study by Kellogg revsaled that the "Haterlal

ObJects“ unit of the SCIS\program was the main cause of the increase in’
Oper8t10081/81L31t1e8 noted by Renner and Stafford g?9)

: \
In another study, Ayers and Mason found that klndergarten students using

arriculum|m: cerlals from SAPA scored s1gn1f1cant1y better on the number

seckior i (Cue Metropolltan Readiness Test than k1nderg3rten students not
|

using SAPA gaterlals (6). A similar study done with ki dergarten students
. L \
from the Appalachlan mountain region concluded that the- operat1ona1 abilities

[
\

|
of the students were slgnxflcantly improved by us1ng SAPA currlculum materlals



" operational aoilities of kindergarten_and first grade students, but also
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Research further indicates that science experiences not only enhance the

[

facilitate the trans1t1on from one level of cognitdve development'to the next
among older students and among adolescents with hearing difficulties (34, 116,
ll9). In study1ng the effects of certain 1nqu1ry-or1ented sc1ence curricula
on formalistic reasoningf Froit found that the Introductory Physical Science;
the Earth Science Curriculum Study; and the Time; Space, and Matter programs
caused s1gn1f1cant galns in the number of. students capable of performing tasks

\
of formallst1c reason1ng {34). Further substant1at1ng the effect of science

minstruct1on on formal1st1c reasoning, are. the f1nd1ngs of Tipps. Studying 5th

through 8th grade students, Tipps found that, other than age, the strongest
predictor of formal reasoning was achievement in science (119). Studying the
effects of science learning on students’® formal reasoning abilities is '

important because formal reasoning is a precursor for adequate student

" performance in many forms of higher mathematics, including algebra.

The effect of science instruction on the cognitive development of
hearxng-1mpa1red adolescents was reported by Sunal (116). The‘dramatlc
difference in cogn1t1ve development noted between hear1ng-1mpa1red .adolescents
and peers of normal hearing ability seems to be s1gn1f1cantly reduced by
su3tained exposure to science instruction characterized as high in activity,

variety, and amount of feedback.

" What-is .the_relationship between_ gcience and_mathematics regarding

problem—solulng sk1lls?

Research suggests that one of the skills considered essential for -
achieving success in science-related problem solv1ng, especially at the |

secondary level, is mathemat1cal apt1tude (35, 36, 67). Work by Champagne and

'Klopfer resulted in a causal model_ of students ach1evement 1n phy81C8 courses

- .145



(19). The model auggesta,that dathematicaicaptitqde is a factor that

..significantfy influences probieo-solving skills. Coaponenta subsumed by the:
mathemat1cs aptitude variable include‘mathematical calculation and
man1pulat1ng skllla, and mathematical exper1ence.

Research has also shown that science can be uaed to broaden the current.
approach to teach1ng problem solv1ng in mathematlca (22, 109). Replacing
contr1ved problems with real-world science problema has the potential to
enhance the problemrso1v1ng,ab111t1es of atudents, while promotlng a greater
appreciation of_the usefulness of problem so1v1ng in a multitude of
circumstances.

Studies suggest that the innovative elementary science prograas developed ~+—r
during.the 1960s and'}970a enhance the mathematicai problem-solving abilities
of elementary students. Coffia studied the effect of SCIS on 5th grade
students' ability to solve mathematlcal problema (22). | He found that students
who had been taught science ua1ng SCIS for five years 81gn1f1cant1y
outperformed students who had been taught science using .a tradrt1ona1 textbook .
approach in their ability to apply scientific knowledge¢1;“a~pr¥b1em-aolv1ng .

situation.

In a related study, Shann tested the effect 5f USMES on the

problem-aolv1ng abilities of elementary students (109) _ Her findings reveal a

. a1gn1f1cant d1fference 1n—prob1em—solv1ng ab111ty, favorlng those. students L

‘'whose mathematics program was supplemented by USMES. |
Research also suggests the benef1ts of science 1natruct1on on t e

problem-solving abilities of older students. Gabel and Sherwood studled the

factors that facilitate problem aolying/in high school cheaistry (35).| Their

findings indicate that supplementing-problemrsolving activities with lefa

™

mathematical, more visual activities will enhance the performance of

[SRJ!:‘ mathematics—anxious students on problem-solving tests.
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A restricted. Often, the selection of problems has been limited to story

\

\
4

Further research by Gabel and otners e1ear1y shows that'few students use

reasoning skills in sol&ing problemsFof?an'algebraic>nature (36); Most high
school students rely excluslvely on algor1thms and frequently try to make '

algor1thms f1t problems in 1napp11cab1e situations. Offered as a solution to

help students overcome this "algor1;hm1c mode" is 1nvolvement in science

_exerc1ses whereby the concepts upon which a problem is based.can be under stood

before the problem is quant1tat1vely presented. High school chemistry and

!‘ I

physlcs courses afford students many opportun1t1es to qualitatively solve
problems and, in so doing, prompt the identification of systematlc
problem-solving approaches (i.e., including the units next to each

measurement). Such approaches have proven to be invaluable to students in

——
T
-

solving quantitative problems (36).

What can be done to_faater the integration of sqienqe_and'matnematigg?

Science and‘msthematiés:educstors favor the inteération of the two
diseiplines. They agree that one of the primary justifications forvteaching
both science and nsthematics in the sehools is their usefulness_in enabliné
students to solve real-world problems (82, 85). Too frequently, however, the
approaches used to teaeh mathematical problem solving are narrow in focus or
problems, where the solution lies in choosing the appropr1ate operation and
then performing' the computation. Most real-world ptoblems 1nvolve more. For
example, many real—world problems involve formulating the problem to be
solved, ignering irrelevant data, or. collectlng new data. Mbreoverl'erforts
to compartmenta11ze mathematical problem-solv1ng skills have, in effect,

mininized their potential usefulness in solv1Ag real-world problems (41).

SR - 14y
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Through science expcriences, students .can apply mathematics tolceal-world,
problems (75). One example is when students are provided with a variety of
materials to determine which are ‘better 1nsulators. The students are
responsible for deciding the steps included in the procedure, the instrumente
to use for measuring the insulating quality of the materials, and the
conci;sions; These are but a few of the processes students use to solve such
a problem. . 7

Integrating science and mathematics in the curriculun is possible. In a
number of instances, 1ntegration ig made easy because considerable overlap
exists between a nomber of concepts taught in science and mathematics

classes. At the elementaty ievel, since the same teacher is responsible for

teaching both science and mathematics, coorcinating the two subJects is .easily

- accomplished. For example, the teacher can prov1de hands-on science

activities that facilitate the learning of abstract arithmetic concepts such

as number sequencing, regrouping, and fractions (75). Activities in ESS,

SAPA, SCIS USMES an§’M1nnesota Mathematics and Science Teaching, or

MINNEMAST, can be used and can serve as models for the development of
additional activities by teachers interested in integrating science and
mathematics'at the elementary level. Among the specific activities that

provide mathematics learning experiences are: light and shadbws, tangram, and

measuring from ESS; material objects, populations, and relative position and

‘motion from SCIS, and using space-time relationships from SAPA (97).

At the secondary level, where the same teacher is not responsible for

.teaching both science and mathematics, little integration of related concepts

can be accomplished without intefdepartmental cooperation. Cooperative course

planning between science and mathematics teachers is a way to avoid
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duplication and to ensure consistency. Teachers considering interdepartmental
flanning would be wise to consulu the summaries o7 work &escribing similar,‘
efforts of science and wethematics educators iz England (46, 47).

Along with the work bei ng done in England the secondary science prograas

developed with funding from the National Science Foundation during the 1960s

-.end 1970s warrant a close examination. While such programs such as Harvard

Project ?hyaiea}‘Chemieal Education Materials Study,-Biological»Sciencea
Curriculum Study, and Chemical Bond Appioach were not specifically Jesigned to.
foster interdepartmental planning, their developers recognized the utility of

mathemat1cs to science. To them, mathematics was viewed as the language of

science. Consequently, mathematics became an integral part: of these programs.

Summary - Sl \
The 1ntegrat10n of science and other schcol subjects can 1mprove
bifﬁ the quantlty and quality of science instruction and learning. This

1ntegrat1on increases students' interest in 8c1ence, teachers' confidence :

in thexr ab111ty to understand and teach science, students' achievement

- \ |

in science,. ani//;nuents understand1ng of science's relat10nsh1p to.
everyday life.
The concepts, processes, and methods found in science are used in

other disciplines. Many science~class activities are predicated on

students' reading and wriﬁing skills. Students read textbooks, read

d1tect10ns for conductlng exper1ments ,and write their own reports of -
observatlon. Sc1ence 's 1ntegrat1on w1th mathematlcs also rcqulres little
effort, aince the development of logical mathematical reasoning and
problem-solv1ng -gkills is a goal of instruction in both disciplines.

Many decisions concerning societal problems require a basic understandlng

of science and technology.
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Relstionships'bctweenﬂsciedce snd the fihe*arts.and science and
health are not as well described in the.reseatch literature.
Opportunities for integration exist, however. Integrating science and
art helps students learn the importance of mentsl concentrstion and
careful observatlon 1nvolv1ng a11 the senses. Science activities also
can be designed to demonstrate the relatlonshlp between science and
music. Teaching health concepts through science manlpulatloo experiences
and laboratory sctivities helps students sharpen thetr science process
skills and practice ‘their thinking and decision-making skills applicable
to their own health.

Integration of science uith‘other:school subjects benefits all
curriculaf’ateas. This'integratioh demonstrates.the value of each
discipline area, as well as proviies students with exsmpies_of the

interdependence of knowledge.
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Linda Lloyd, Southwest Educational Development Laboratory, Austin, Texas

Whatrrole do computers and other technological advances play in science
teaching?

Classroom teachers have.always employed technology to ihi;iate and expand
teaching and learning. The root of the word technology indicates an art or
skill relating to a human bshavior. A formal, dictionary’definition, drawn
from the i971 ediﬁion of the R;ndom'House Dicﬁion#ry of the English Language,

states that technology is "the sum of ways in which a secial group provides

themselves with material objects of their civilization." American educational

\\

institutions, constituting a primary "social group" in modern society, ﬁave
historically done just what this definition suggests: surrounded gnd provided
to the schools the material objects of the society's efforts in technology.
Some p;evious innovations,‘such as the introduction of the printed paxe,
.provided a source of distilled expertise on topics to be aqgressed in the
classroom. Meanwhile, the bound text tended to limit somewhat the application
and generalization of knowledge (one tends to believe wﬁat oﬁe reads). The
introduction of a more current technological tool, the microcomputer, may
provide a'means of qvercoming the relative rigidity of a textbook.
Opportunities exist for the introduction of many aifferent instructional
applications of the microcc iputer in écience education,'élthough current uses .
appear to center mainly around simulation-type exe;éises (2, 7, 36, 53). .-
Overall, computers show great promise as.a means of augmenting the classrooﬁ
instructional process, under the guidanée of the teacher.

Research that specifically addresses microcomputer applications in the
science classroom is not.apundant. In addition, the repbrting done in most of
these research efforts may bg anecdotali in.nature, or so narrow in focus as to
be questionable when attempts are made to apply the information to specific
te;ching situations (4, 9, 25, 28, 34). It is important‘to recognize that the

microcomputer is one tool in a rank of technological. resources that a teacher |

O
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might use in science education. In order to integrate responsibl& so powerful
an instrument™as the microcomputer into the curriculum, teachers requi;e
information from current and rel%able sources rrgarding'such integration.

This chapter addresses some basic %ssues surrounding educational computing in
the science classroom. Issues distussed include: ‘computer litesacy for
science teachers and their students; the effects of current technologies on
curriculum and the need for reform; the effect1veness of the m1crocomputer
applications ﬁn science classrooms; and the 1mp11cat1ons for the future of

microcomputing in science education.

‘What does “tomputer literaqy“’mean to science education?

A large body of iﬂfo;mation on the topic of computer literacy may be
found in journal articles, magazlnes newsletters, and books (24, 33, 46,
53). Materisl on the subject is wldely availsble at whatever level the -
professional educator requires. Many journals and elcsocomput1ng magazlnes
have pub11shed entire issues devoted to the subject of the, 1ntroduct10n of ‘
m1crocomputers into the schools. Many of these articles do 8 good job of
outlining key terminology and concepts in language that is fam111ar to
educator audiences. Lipson cites several professioeal publications for
principals and administrstors (34). Iechnology?based magazines, such as the:

u

Tnstructional Innovator, a8 journal of the Association of Educational

Communications and Technology (AECT), are particularly useful. Many people in
‘a variety of institutions have outlined the1r own definitions of computer
literacy and the impact that the information will have on the schools (32, 46,

55, 60, 42). : | . . _ . .

s
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‘include microcomputers as learning tools. .~

Teachers, when asked what sort of information was needed when
establishing micror ymputers as a method of instruction, responded that

resources in the follbwing were needed:

1. how to use computers in a content areaj;
2. how to'increasé the use of computers ia the school;
3. where to obtain kelp in using computers in instruction; and -

/

4., where to obtain information about computer systems and instructional
software (11). :
All of the above influen?e a teacher's role; each should be add;essed by
anyone considering use of thé microcomputer as an inétruational aid. As with
simjlar questions, the level of.understanding and sophistication of the
questioner will influence the.kind of response that will be helpfﬁl. The
depth of the information sought by tﬁe teacher and student also depends on
what role thé micrpéomputer is fillihé in the classroom. A§ experience with
the technoloy,y incrgase;; more meaningful information onnmicrocomputefs and

science education will become available (1, 29, 51, 57). ‘This is as true for

&)

individual users as it is for a society of users. Attitudes of teachers and
1 . . . .
students toward microcomputers can influence the degree of literacy acquired

as well (5, 7, 18, 31). It is important to eliminate the reluctance to

LY

What is the significance of microcomputers in the science curriculum and what

A bAoA A A AT M AR et~ Y P2 B

are the implications for change?

The significance to students of becoming "computer literate" is greater

in many respects than the average edugggigggi‘institution supposes. - Schools
require much more of students today than they rédﬁiféﬁfduring the"
back-to-basics movements of the past decade. Literacy now includes many

factors other than the ability to read and interpret print, or to perform
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_economic reality" (59).

mathematical computations. Students must now be able to sort, analyze, and
synthesize vast amounts of 1nformat10n in a varlety of medxa (print, video,.
radio and compucer). The tradltxonal skills necessary for access to
information and the ability to‘use that information effectlvely are still

components of literacy. Technological literacy is a step above simple
2’

" literacy, including the "necessary abilities to engage in compléx thinking,

i.e., the possession of an appropriate fund of knowledge and the skills to tap

a continuously changing information base" (19).

For a science classroom to be technologically impoverished is to invite
“"factual obsolescence," (59) particularly in the areas of applied science and

engineering (19, 40, 50, 59). A nation of -individuals who cannot read or

’

write well and who have little control over a technological study will be

iil=equipped to deal with competitive groups in trade and defense. According

to Clifton Wharton, the "educational imfrastructure must accommodate this

-/

In response to reports such ‘as the 1983 report of the National Commission

on Excellence in Education, A Nation at Risk: The Imperatxve for Educatlonal

rI- Aty .‘-..‘ P Y

Reform, congresslonal and local school efforts are currently being directed '
toward the improvement of sc1ence, mathematlcs, and computer aclence
curricula. Rsther than developlng a new set of standards for schools, the

science and mathematics reform movements consist, more often than not, of an

‘add-on type of change in curricular approach. The traditional liberal arts

programs have not stressed higher-level academic skills (those centered on
process, rather than content), and - are deficient in teaching logic and
critical thinking (12, 32). These deficiencies become obvious in light of

reports of declining student achievement in all tested areas. It is a widely
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accepted view that technological 1lllteracy is symptomatic of an overall‘lag
in teaching and instructional content in all areas of the curriculum, not Just '
in mathematics and science (15, 18).

The Natlonal Sc1ence Foundation (NSF) was formed in the late 1940s as a
coordinating group for research, development, and 1mprovement of educational
programs in mathematlcs and science. Further promgted by the Sputnik
revolution, federal money was allocated on a large scale for curriculum
development in these areas.. The outpouring of funds for the,formulation of
new science curricula was not sufficient however. Teachers received
inadequate training on new mater1als, and-were overburdened with too-large
classes and too-full teaching schedhles. Thls combination of concerns
resulted in the ?discovery“ two decades later of a math and science problem in
the schools.(lO, 13, 22, 44). The NSF has funded projects recently that have
been more successful in pointing out areas of change that could affect science
teaching. Project Synthesis explored f1ve topic areas in relat1on to needs
and recummnndat1ons for science educat1on 1mprovement biological sciences;
physical aciences, elementary school science; science and technology, and the//
effects of science education on soc1ety (16). The project explored the
relationships between the_actual state of science education in the schools and
the de81red models of 1nstructlon. The statua and needs of the scierce and
technology linkage were dlscussed in the context of elementary and secondary .
education practices. Another report, a synthesis of three NSF studxes, (17)

revealed additicnal links between science edvcation practices and the

-

. potentials of technology. qhe learner outcomes in the projects studied are

descrihed in relation to the impact on curricular content on students’
academic achievement, as well as their career selections. The need for

changes in teaching methods and materials also is highlighted in a 1983 report
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del1vered at‘a hear1ng organxz/d,by the. Federat1on of Behavioral Psychologlcal
. and Cognitive Science for the National Science "Board-Commission on Pre—College.
Education in Mathematics,‘Science; and Technology (15). Major advances and
‘recommendations for uses of technology were d1scussed in the report, including
areas that m1ght be. addressed, if adequate fund1ng should become ‘available.

' Gaining consensus on locating fund1ng for the most effective means of
improving curriculum and instruction in sc1ence is a current concern at both

- national and local levels. -ﬁore than two dozen bills dealing with sc1ence,A
mathemat1cs, and tra1n1ng 1n technology are currently before Congress.

Hoéever efforts of fund1ng agencies would- be best directed toward encouraglng.

total school effect1veness, rather” than toward upgrad1ng criteria. only in

S~ ¥

science and mathematics as a means of increasing overall student ach1evement
and'literacy (18). 1In brief, computer technology cannot be expected to solve

all the problems assoc1ated with education that were 1dent1f1ed in the reports

-
o €

; meéntioned above.

What' are the effects of computer app11cat1ons in sc1ence classrooms?

P e W W

One major role-—perhaps the the major role-of classroom computers is to
" allow students and teachers to work with content in ways that are not poss1b1e
‘with conventional means of instruction. Pract1ca1 examples of abstract
concepts (mathematlcal probab111ty, or chem1cal reactions, for example) can be
demonstrated over and over again, in endless comblnat1ons. Students are free
to explore a topic as thorbughly as they like, with no time limits or need for
constant‘teacher;lnterventlon. Cr1t1ca1 th1n;1ng skills (those skills on a

h1gher order than rote memor1zat1on or s1mple generalization of concepts) can

be introduced through the use of m1crocomputers (41)..




Several pieces of éommerci&irsoftéare that are-curréntl;.évaiiégié can
help in developing higher-order thinking skills.: "Rock&'s Boots" teaches
logic and organization; "The Factory" promotes comple* relational thinking
skills; "Gertrude's Secrets" and "Gertrude's Puzzles" intrdduce.deduétion and
inferénce; and "Taxman" helps in the construction of ngmerical strategies and
sequence. M

Teachers can get help in the process of both hardware and soffware
sclection. Numerous articles and reports availgble'through joufnalﬁnand
abstracts describe studegt achievement in relation to use of the micr&éomputer
asﬂableﬁrning toél. Scurces of evaluations for software used in general

.'curricularkareas include ﬁECC (Minnespta'Edhcational Computer Consortium),
.MicroSiFT (Nor thwest Regional Educational Labératory), and EPIE/CU
~(Educational Products Information Exchange/Consumers Dni;n). More specific
evaluations of sc;ence software exist . Howévgr, these reports a?e.not common
in the literature and tend to be cOntént-oriented. Doylé and anétta describe
threé different sreas of céﬁputer applications in science education and their
relative effectiveness as c&mpargd Qith tradit{ongl methods (8). They also
outline problems. in hardware/software selection, and the prospects for the

~ future éfjnicrocomputing in science education. Heﬁdel} suggests that ghe
powers inherent in microcompdters (rapid'calcula?ion; word_processing,fdatg
stégpge capabilities, graphics, éolq;, animation) can be used effectively ?n a
variety of inétructional modes . (37).

&hree‘ihstructional uses to whiéhomicrqcompdters are often put in science
__;,“gducation_arethﬁetqlwcompgten-asségted«ipstrhction (CAT) ;- simulations-and..-c- .-

v e

games (a type of CAI, geared toward student-described outcomes); and specific

problem-solving activities. Literature on computer—-assisted instruction (CAI)
is abundant in current research on classroom computing practices. The process
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of introducing the computer into the science curriculnm, and the effects on
studen. achievement and 11teracy, along with different methods of app1y1ng the
ccmputer 8 capab111t1es to the teaching of sc1ence content, are areas of study -
that are rece1v1ng attentlon in the research communlty i, 36, 38, 43 56).
Svuxlat1ons and games are an 1ncreas1ngly popular app11cat10n of
m1crocomputers in science educat1on (6, 12, 30, 45, 47). A slmulatlon is a
dynamic dlsplay that is based on a model or a 81mp11f;ed version of the
actions and reactions of a system over tlme (48). A slmulatlon can be a
poverful teachlng tool, because many daily experlences are formulated mentally.
in much the same manner as simulatlons:are deslgned. Aside from the realism
of simulated experiences, the advantage of computerized games and displays is‘
the ability of the microcomputer.to increase the difficulty and coﬁplexity of:
a rask (35). *Problem-solving skills are the third area of computer
app11cat1on to sc1ence education. Cox and Berger reperted that studenrs could -
learn problem-s01v1ng skills through the use of the m;crocomputer ‘and group
dynamic§ techniques (7). Advances 1n science curr1cu1um reforms that focus on
applicationsaof techology include the use of technology to teach systems logic, .
and problem-solving skills. Microcomputer-directed lessons are a natural
avenue for the support of such 1earning schemes (39). A useful discussion of
the role of classroom instruction and the integration of problem-solving.
activities in science instruction-is~found in What Research Says. to. the

Science Teacher, Volume & (61). ard links science and technologies as

PR N 2

factors relating to the changes in science education curriculum (21).

Priorities fbr knowledge acquisition are approached from both a historical and

a futures perspective.: Student adaptability and'problem-;olving skills
necessary ‘for coping with information overload anu rapid advances in both good

and bad cechnological influences in the classroom, arc discussed.-
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One positive.direction in science edueation that is beginning to receive
attention is the potential of the microcomputer for teaching the handicapped
student. Reaearchera have given attention.to science education for o
handicapped students, highlignting the aeriona gaps in existing science
curricula that can be remedied by_microcomputer integration (3, 20, 23, 27,
54). Science educators can become familiar with the pniloaophy of
mainatreaming handicapped students in science, as well as with the concept of
using an individualized education plan or program (;EP) as a tool for
reaponeing to atndents' needs. ’ Lazar outlines appropriate uses of JEPs and
classroom techniques that allow the science teacher to apply the most uieful
elements of the existing aeienee curriculum to the student's program (31).

Lazar's recommendations on learner needs assessments, task analysis, choice of

instructiona}.materiala, and management objectivea'met and/or levels of

_ acnievement could be app11ed to a mlcrocomputer management system. Methods

of instruction for the handlcapped stud at (part1cu1ar1y phyalcally
handicapped) have alao ‘been explored ualng_the m1crocomputer. Extenalve work
Qith LOGO programming and,commnnicationa devicea for phyaically disabled and
educat1ona11y 1mpa1red (blind, deaf, autistic) children has been reported

(43). Goldenberg has prepared one of the definitive resources on the aubJect

of special education and computer technology (14).

What are the implications of microcomputers for science education and the
future? » :

Computers represent au.ecormous resource for the enrichment of science .

education practices. The use of microcomputers may change the relative

emphasis. on and importance of certain skills. For example, more emphasis may

~ be placed on problem solving than on memorization of sequences and formulas

for computation. More emphasis may also be placed on the students' verbal
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skills and the precision of 1anguage used in science classes, since students
need to be accurate when communicating ﬁith;a computer. ‘simulations will
create an important role for microcomputers to fill, but they will probably
never fully replace the realélife laboratory (12). Sparhes outlines uses for
the microcomputer that will give:this technology a leading role in the

" classroom of the future (52) Electronic blackboards for distance‘
transmission of images, notes, simulations, and other graphic data
presentations, represent a way to expand teacher capabilities and to provide
advanced instruction to. sites that normally would not be able to access such
information (13, 52). Other computer-managed functions such as data analysis
'and transmission; management of student materials and records, and
applications of computer—assisted instruction (CAI) may also play a role in

future science education settings. Discussions of new and future directions
for computers in ;cience instruction are found in recent literature (22, 26,
49, 58). Links between industryiand schools.would involve employees of
business in the c1assroom. This resource-sharing could involve scientists and
engineers from industry and the university system in p1ann1ng and- 1mp1ementing
educational programs in the public schools (16 17, 22, 49).

Alternatives exist for enhancing instructional practices in the science
classroom through microelectronics. Students are facing an increasingly
complex education process that, it is to be hoped, will prepare them for ann

_increasingly complex workplace. Educators can take part in introducing
students to this technological boom in communication and learning. In recent

months the U. S. system of education, from kindergarten through higher

education, has come under yigorous appraisal from federal, state, and local
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groups. Dyﬁamic devélopments in electronic communications and
microcomputer technology are rapidly altering what teachers do and how

they do it (50). 'According to the U. S. Office of Technology Assessment:

.
3

The so-called information revolution, driven by rapid advances with
communication and computer technology is profoundly affecting
American education. It is changing the nature of what needs to be
learned, who needs to learn it, who will provide it, and how it will
be provided and paid for (42). -

Sfrategies arevbeing-developed to deal with the future-oriented
science curriculum. Issues to be addressed include computer-aséisted
instruction and similar fecpniques, as well as management of student
progress and records. Teadhér training is essential for understanding
and effectively applying new techniqués in tpe classroom.

Future-oriented curriculum content in £ll areas of instruction (not just
science);Aadmihistra£ive poliéieé conﬁurrent with growth and. advancement
to meet societal transformations; instructional practiceg and training in
aépropriate skills for teachers and students; and links between school
and the community, home, and other educational agencies are'essential for

the sicressful implementation of a science education system of the future.
_ { :

Summary -

The development of low-cost, relatively easy-to-use microcomputers

enables schools to prepare students for their future in the information

society. Unfortunately, the potentiél of this new technology is

blemished by problems. First;“the“developmenf~of"ﬁardware"and~softwaré
has .been unequal. While hardware is relatively sophisticated,

instructional software is often of poor quality tthnicaIIy and/or

. . ’ .
pedagogically. Technology users in schools need t% think of themselves
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v S )
. A ‘ ' \ ’
as pioneers, forging a trail into often uncharted lands., Some evaluation

\

- - ! B - : .
and anecdotal literature gxlst;\and should be consulted. Howev&r, in
% ~ .

Lo ,
many cases the teacher. using techhoﬁogy would ble well-advised :r function/

i
| |

ss a researcher discovering, hypot?eslz ing, and testlng 1deas or |
computer appllcatlons in his/her o&n classroom. \ ' \

It is 1mportant to realize that\many current applications pf
mlcrocomputers are answers to old prob&ems. The potential of
microcomputers to solve problems of whAch we are onL)-vagueiy a%are or to
extend our cépabilities in new ways is éfeat, Vihile microépmbuéets can
help sciencé students simulate natural pﬁenomena in:controlled set~ings,

this techrology has much broader and deeper applications for all aspects

of education.
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A CONTEXT FOR.SCIENCE EDUCATION

Science education is influenced by the
values, goals, and norms of larger
contexts: _school, home, and
community. While these values and
goafs 1n;Iuence the -learner directly,
they also influence the education of

ggjence teachers. Chapters in thig
section illuminate these points.




William C..Kyle, Jr., The University of Texas at Arlington

What implications for science education can be drawn from research on
effective schools and classrooms? What schosl and home environmental factors
influence student achievement and attitudes toward science?

/

; During the past'fifteen‘yesrs a great corpus of educational research has

idcn;ified a variety of factevw that directlj influence and enhance student
acquisition of knowledge and student achievement. While our understanding of
how knowledge and skills are acquired has increased drswaticallj,"this
-impressive accumulatioﬁ\of findings seems to have gone unnoticed.by many
educators, as well as by the general pubiic (52, 54). Perhaps much of this
information has been ignored bgcause of the neggtivg findiggs of some earlier
research. During the lape/19605 and early ;?708, educators‘wefe told by
researchers that: mosF/educétioﬁal teéhniqnes geem to hinder as often as they
. aid learning; legrning is spontaneous; mat&rational forces within the student
cause learniqg/to proceed at a given rate; notwithstanding wide variations in

/ ,
educational conditions; a lack of relationships exists between educational

——
—

conditioﬁs and student learning; an&; improvements in-schooling do not make-a
difference in the achievement of poor and mincrity students (12, 25, 50).
Statements such a; the above severely hurt, and_contihﬁe to haunt, the
education profession. Such statements also initiated a new genre of
résearch: leffe;tive schools research. Tais research is based on the idea
tﬂmt schools can be organized to improve student achievement, especially -
acyievement of poor and minority studentg_(3, 14, 15). Although reporfé such
‘as that of the National Commission on Excellence in Educatioﬁ and Goodlad's
study of schooliﬁg acéuse schools of mediocrity and paint a grim picture of
///;he current sfatus of edu;ation in tﬂe Unifed States, recént reseérch
findings, combined with the desire to develop exemplary »nrograms withiﬁ

effective schools, should provide encouragement for the future. Further, it
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o

is essential for educators and the genrval public to realize that school

-

personnel, particularly teachers and principals, are a vital lactor in
improvement efforts. Teachers &re significant in the successful
implementation of programs (13). 1In ract, Purkey and Smith note that change
will not take place without the support and commitment of teachers (42). 1In
addition, principals must be effective 1nstructlona1,leaders (1). - In this
chapter, we will focus on characterlstlcs of effective schools, classrooms, .,
and other fectors contributing to the success of exemplary science programs.
In addition, we will lecok at home'fectors rhat_enhance student achievemenr and
artituQes in science. |

Are there effective school practices .that are not widely used that ghould be
encoggggeo for more wldespread.uset

Recent growth 1n'schooi 1mprovement act1v1ty is pnenomenal. Most states
currently have 8 school improvement program undervay that reflects fratures of
the effective schools literature. Similarly, the National Science Teachers
Association, 1n 1982, conducted the Search for Excellence in Sc1ence Eduoation
(7, 33, 34, 36, 38, 39, 40,\58). The criteria for this research emerged from
the findings of froject Synthesis (22). éhere are a great many schools around
the country where careful.'thooghtfui, and well-planneo efforts to improve
have been extremely successful. Benefits have accrued to stuoents, teachers,
administrators, the school as a whole, and to the comounity. However, thece

successes are fiot accidental. Effective schools and exemplary programs are

designed to be excellent, involve several years of~development, and are still

* evolving (29, 35). ’ e

~

= - 1

Research on educational improvement has been conducted from two

distinctly different perspectives: micro-effectiveness and

P

macro-effectiveness. The pmicro-effectiveness perspective uses the classroom

L . .
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as the unit of investigation and analysis and contends.that individuals

concerned about ibmproving schools must address the ques zion:  "What are
v - -

characteristics of an effective classroom?" The macro—effectiveness

n . v -

perspectlve contends that an abundance of classroom research exists and that,
by using the school as “the un1t of 1nvestigatlon and analysis, we can address
the question: "What are characterigtics of the achool as a whole thz*

influence student cognitive and affective performance?"
§

N El

In synthesizlng resdearch from both perspectives, Squ1res, Huitt and

Segars have identified Five school and classroom 1nd1cators that are

-

associated with.student achievement: *schnol 1eadersh1p, school c11mate;

$

student behavxors, teacher behav1ors, and supervision (48, 49) It seems
. ~

¥ ¢ *

clear that a comprehensive look at the factors affecting student achievement .
must encompass both research perspectives. Using the Squires, Hultt, and

Segats school and classroom indicators as organizers, let's look first at the
é T

macro-effectiveness perspective.
Thevprimary f1n01ng of effective séhools research is that M"active

leadership creates a achool climate in which success is expected, academics

are emphasized, and the environment is orderly" (49).. In other words,

effective schools have eéffective leaders, both principals and teachers. This
point is extremel} important for .science eddcators because, although the new *
ey

science curricula of the 1960s were highly guccessful in enhancing student

performance (27 28, 45 46, 47), the influence of the pr1nc1pa1 was.

——-—-\

overlooked in our efforts to 1mprove the quality and quantity of sc1ence'

education (31). As a result, many principals did not understand the
) significance of these mew curricula. WHen pressured té."return to the

.

basics,;" teachers and principals often abandoned them. ° .

N
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Six conditiofis related to school leadership have been found in the
schools whose students excel (1, 10, 14, 15, 31, 44; 48, 49, 51). In
" effective schoois, achievement is emphasized. High priority is given  to
agtivities, instruction, and materials that foster academic success.L The

principal, as an instructional leader, is involved in school ana classrool

Id

- ¢ N

activities. Teachers are aware of the school's commitment‘toﬁ?cademic

o

excelience. Further, excellence is,stressed"in.all academic areas~-not iust

reading and mathematics. Although standardized tests are used as a basis fc.

i

evaluating a school's minimum obligatioqs, an instructional emphasis is a}so
placed on Fhe develbpment and ephancement of higher-level intellectual skills.,
In‘gffective schoo}s, instructiﬁhﬁl étrategies are set. Principals and
teachers are actively involved in instructional decirsion-making, especially
: . . . b
decisions about the selection of content, materials, methods, and evaluation

procedures. Plans are developed for resolving students' learning problems

~and/or deficiencies. The instructiohal'strategies‘are selected to ensure that

.

students master the content gnd develop the requisite skills, thus providin
students with the cognitive and affective prerequisites for each new learning

<

task. i

In effective schoois,*an orderly atmosphefg exists. - The school climate
is conducive to learning. Effective schools recogni;e a universal standard of -
discipline, which is enforced by adwinistrators, teachers, and students and is
..fair. Classr;om routines also pr;mote an orderly environment: lessons start
and end on time, studenté are prepared, teachers give and correéz homework.

An ordérly environment helps keep students on task and, therefore, actively

¢ engaged in learning.
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In effective schoels, students' progress is evaluated frequently Jéin%
both formal and informal strategies. The results of these evaluations
influence teachers' decisione about re-teaching, supplementing; and enriching
students' understanding of the subject. All students are expeeted to master
the content, and the students' need for success is considered in lesson
planning. Standards for echievement are high, but attainable. |

In effective schools; instructional programs are well articulated and
well coordinated. There is an interrelationship among course content,
sequences of objectives, and ‘materials within each grade and across the .
grades. What transpires in the classroom is related to the overall goals and
program of the school. Instruction also has practical application beyond the -

D N

school. ' ST

“In effective schools; teachers teceive the necessary}support for
- improving teaching. Teachers are encouraged to attend professional meetings,
workshOps, and inservice sessions. The principal monitors claserooms,
superv1ses_1nstruction, and prov1des'time for teachers to plan together. The
tone and focus of the school is ‘established: A

In studies of schools where exemplary science programs have been

..developed, we find similar conditions (7, 31, 33, 34, 35, 36, 37, 38, 39,
40). In these programs, teachers are the critical factors in designing and
creating an environment condutive to inquiry. These teachers are included in
developing curricula for their grade/course; they do not have a
textbook-oriented program; they 1ntegrate more laboratory investigations and
spend less time lecturlng than teachers in general' and, they find that other

teachers, coordinators, university faculty members, 1nserv1ce programs,

professional organization meetings, and journals are good sources of
. <y .

¢

information, Teachers in exemplary programs have high expectations of
themselves; they provide a stimulating environment and an accepting

atn\osphere, while encouragingAtudent . 181
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- action, decision-making, creativity, and excitement. They challenge students,

expect different students to achieve differently, and develop effective
communication skills, all while stressing the development of higher level
intellectual skills. It should be evident that these teachers put in far more

+han minimal time and they do make a difference.

Teachers are encouraged by stroﬁg administrative support. The
administration views itself as an integr?l part of successful curriculum.
development and implementation. At the same time, teachers in these programs

gain the support of, and work :losely with, the administration, parents,

" community leaders, and business and industry representatives.

The programs are designed, developed, and implemented by teachers who
intend the programs to be exemplary. Further, the programs are organized in

N

an orderly, sequéntial manner in which the quﬁlity and quantity of science
instruction is known. )

Inservice training is viewed as a long—fgrm effort, which is
never-ending.’ Iﬁsérvice is relevant and designed to meet>the needs of

individual teachers in their classrooms.

Principals support good science programs. Principals are actively

involved with the program, they demonstrate positive attitudes toward the

program, £hey communicate their iptefest in science to teachers and members of
the community, and they observe classes when science lessons are being

faught. Principals also provide the necessary materials and provide inservice
opﬁoftunities in science that address ;hg needs of indivi&ual teachers. .
Finally, prih;ipals recognize that science is a basicf%art ;f their curriculum.

Thus, effective schools and schools with exemplary science programs are

characterized by strong teacher and principal leadership in a school climate

that emphasizes academics and success in an orderly environment.
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In turning our attention to the micro-effectiveness view, we see that
effective classrooms can be exmmined from three perspectives: student
behaviors, teacher behaviors, and supervision. 'Hhile each oi these diuensions_
influences student achievenent, student behaviors are most directly correlated..
with student‘achievement scores. Studcnt and teacher behaviors will be the
primary focus of the discussion that followsr

Squires, Huitt, and‘Segars maintain that three specific areas of student
behav1ors have the most potential for affecting student achievement:
involvement, coverage, and success (48, 49). Involvemen’ is the amount of
time a student actively works on academlc content. The key term here is
“getively works.“ This is often referred to as engaged time--when the student
is concentrating on an Lcademic tagk--in contrast to "allocated time," or the
amount of time scheduled or planned for instruction. Success refers to.how
well a student performs on classroom tasks. Coverage refers to the amount of
content covercd by a student during the school year. Each of these variables
is measureahle and each of these variables is alterable (4, 5, 49) It is for
~ these reasons that Squlres, Huitt, and Segars believe that measures of
lnvolvement (engaged time), coverage, ‘and success should become the focus of
school improvement efforts. It should be remembered that these three
behaviors are interdependent. 1In the following'discussion, however, each will
‘be treated geparately, before the interdependence is considered.

Student acqu1s1t1on of the content and skxlls, as well as the ab111ty to
apply such knowledge, will be enhanced if teachers attend to both allocated
time and engaged time (17). Flrst, it is clear that time must be allocated to
teaching and learn1ng a spec1f1c skill if that Bklll is to be mastered. Many

elementary schools slmply do not allocate time for sc1ence in their curriculum

plans. Lf time is allocated, it may amount to so little that meaningful
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activities cannotabe pursued. Goodlad states that “the amount of time spent
on a given aubject is a.powerful factor in learning” and thar this influence
appears to be greater for subjects ..ich as sci: o2 that are not usually taught
outside of school (21). It is, therefore, impers - for teachers and'.
principals to become more aware of, and efficient *: their ailo;ation of time
for school science. This is in addition to assuring ti i. x"uwdent engaged time
leading toward auccesaful exper.-nces in science is maxiviz -. Thus, teachers
and nrincipala wust be innovative ... *heir time allotme. . I 'i&.8T0O0M
planning.

Elementary teachers often struggh -n the problem cf how tc integrate
inquiry-oriented science activities Intc traditional 25-35 minure daily
science classes. Similarly, junior and sealor high'school gcience tzachers
are frustrated in their attempts to completu extended investigations in:aS-SS
minute lessons. A few simple schedule modifications would ensure that
students have ‘the necessary t-me to engage in meaningful, productive
inoviry-oriented‘science activities. In elementary c? aasroams, rather than
teaching science approximataiy 30 minuies per day, science could be scheduled
for two or th: .. 50-9C winute perioda per week. Realistically, up .to five
minutes may Le apent organizing attivities, getting supplies and material
organized, ar.? engaging students in a science activity/lesson. Similarly, up
to five or seven minutes may be spent cleaning ‘up, returning supplies, and
‘ending the actLVity. What results in the traditional gsetting is that less
than 66% of the allocated time is available for students to engage uctively 1n
learning. With two or three 60-?0 minute lessnns, however, ureparatico time
and clean-up time remain constant while the amount of gotential student
engaged-tineuhaa been increased to about 90%. An additionmal beri-fit for
elementaryuteaehers is that with.extended periods and zl“ernate daily

scheduling of disciplines such
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as gcience and social studies, there are fewer daily preparations. At the
junior high and senior high levels, science courses should be scheduled with
at least one doublellaboratory period ;er week. Such allotment changes would
significantly increase stud it engaged time, assumlng the coveragze issue has
been resolved. -Effective schools are noted for their flexibility in time and
scheduling. Similarly,lmany of the exemplary science programs ldentified by
NSTA use flexible scheduling.

One high school, xecognized:by the Secretary of Education as part’ of the
U. S. Department of Education's 1982 Seatch for Excellence.prograh, schadules
Engllsh classes and .chemistry classes tugether. A samplelschedule might call
for a two—hour chemistry c¢lass on Mcaday and Wednesday (thh no English class
on those days), a two-hour Englisn claa:'on Tuesday and Thursday (with no
chemistry class), and one hour classes for chemistry and English on Friday.
Following this pattern, chemistty teachers can organize and conrduct lats and
English teachers can engage in exteniee'activities during their tw> double
periods per week;. |

While allocated time refers to "official time," "engaged time" refers to
the amount of time within the allocatics that ihe student spends actively .
learning. piffereat students learn at diffcicnt r:tes, so the amount o
needed engaged time ﬁlll vary by iadividuals. Moreover, different learners
prefer different types of leatning activities. The point is, however, that -
unless the student is actively working at learning, learning Vl 11 ~:. T ocenr,
Time allocations will need to be different f:r diffe?ent s tudents in the same
class. A student will spend a pcrtion of the allocated fime engaged in
working on the task, e.g., manlpulatlng materlals, 1e¢ading, thinking,

interacting with students or the teacher, or processxng 1nformaflon.
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Student learning, however, is influencea‘not only Ly the amount of
allocated and engaged time, but also by the match between the task and the
student. 1If the task is so difficult that the student experlences few
successes, then student motivation and attltude decrease and little learning
results:: If students encounter many experiences leading toward success, then
learning is more likely to occur.

The term coverage does not imply that "the more content covered the
better"; or, that science teachers should be concerned about "finishing the
book." . It is the quallty of the science and technology educatlon that
students are actively engaged with that is 1mportant-—not the quantlty. Thus,
coverage refers to the amount of meaningful content that each student is
engaged with throughout the year. The integraﬁion'of relevant content,
scientific processes, and applicatiéns of the ‘content to societal contexts
should become the focus of the coverage issue for science teachers. It is far
better to have all students actxvely engaged 90% of the time with content that
is intepesting,to the student, appropriate for the learner, and able to be
applied by'stadents in their daily lives, but which may'not be in the book,
than to have less than half of the students engaged approximately 60% of the
time while "covering the text." The coverage issue is one that personnel in -
effective schools and exemplary science programs have thought through_
extremely carefully as they.designed, developed, and implemented well
4artieu1ated and sequentiallinatructional programs intended to be 2ffective for
all students. g

Teacher behaviors also have an impact on student behaviors and student
achievement. Squires, Huitt, and Segars maintain.thatlteachers have the most

influence over student behavior and that they support student achievement
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through planning, instruction, and classrcoi ﬁénagement (49). Hunter defines:
teaching as "the process of making and ipplementing decisions, before, during,
and after instruction, to increase the probabiiity of learning" (24).

Planning for instruction involves identi<:ing specific tasks ox activities
that will be presented in the classroom. Planning for étudent involvement,
coverage, and success in éffective classrooms, however, involves much more.

It encompasses identifying insf;ﬁctional/perférmance objectives, diagnosing
learner characteristics, and selecting appropriate inst;uctional and
management strategies (49). 1In planning for iQstruction, teachers should take
into account students' prior learning. Bloom estimates that 60-80% of the
difference in student achievement scores is due to differences in studehts'
past learning ). The successful completlon of science activities and
acquisition of scientific skills and processes may depend ﬁs much upon the
cognitive and affective,gharacteristicsvthat students bring to the class as
upon fhe teacher's planning and preparation for instruction. Diagnosis can be
accomplish;d by p;e-testing students at the beginning of a new course and
using feedback—corrective procedures to enhance students' knowledge ofkthe
prerequisites they missed. Then, throughqﬁt the cour#e, continued use of a
feedback-corrective approach.will ensu- : that each studenfuhas the cognitive

and affective prerequisites for each new lear ing task. Again, it should be

evident that i:. order to implement such procedures successfully a well

WA

articulated and sequenced curriculum is necessary within each grade and across
al} grade levéis. “

All students'can learn most of what they ére_taught. Teachers, however,
can enhance this learaing in a number of ways, as we have shown. 6ne way in
which learning can »e promoted is related to whether the teacher establishes
an environment that is supportive of cooperative learning; or one that

reinforces individualistic or competitive learning.

1237{ SR ‘L.;
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In science classes, research indicates that cooperative learning
! i
v

experiences promote greater mastery and retention of the material being

) N L3 3 L3 1 3
taught, as well as more positive attitudes toward the experience, when
‘ 1 1 |
compared to student performance in éompetitive or individualistic learning
: i ‘ .
experiences (23, 26). The average student in cooperative learning

\

environments perfbrﬁs at the 79th percentile when compared to other learﬁing
environmeﬁ?s (6, 53)\ Thus, the way in‘'which science teachers structurs
instructioéal goals dgtermines the natufe of studént*student interactions,
which also affect instﬁectional outcomes (26). A‘brief synthesis of these

three modes of student-ggudent interaction seems appropriate:

\\\
A

1. Competitive. Students perceive that they can achieve their
1nstrucgional goal if, and only if, their classmates fail
to achieve their goals. Students are instructed and
encouraged to work faster and more accurately than their
classmates. Griding is based on a norm-re ferenced 8ystem.
Most{studénts perceive school competitively. Competition
among students is caused by negative goal interdependence.

\ - ;

2. Individdaligtig. Students perceive that their ability to
achieve instructional goals is unrelated to the goal
achievement of their classmates. Students are instructed
to work on their own, at their own pace, without
interacting with other students. Grading is based on a
criterion-referenced system; the achievement of one student
has no affect on the achievement of others.
Individuslistic instruction has been offered as an
alternative to competition. Individualistic instruction
contributes to student loneliness and alienation and
adversely affects 80ciq} and cognitive development.

\

3. Cooperative. Students ;Erceive that they can achieve their
instructional goal if, and only if, the other stgdénts with
whom they are working achieve 'their goals. Students work
together to'achieve a group goal. Grading is basged on -
evaluating the quality of the group's product on a
criterion-referenced system. All members of the group must
master the material. Thus, cooperation is encouraged by
positive goal \interdependence with individual
accountability' (26). «
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Science classes, by virtue of the nature of science and scientific
inquiry, offer an ideal environment for students to learn cooperatively. A
current goal of sciencelteaching is defived_from the interaction of sciencé,
technology, and society. This goal emphasizes preparing future citizens to
recognize and resolve gsocietal issues and concerns rooted in science and
technology. The goal emphasizes not only cognitive'skills,but also affective,
ethicﬁl, and aesthetic uhderstandings of science and technology. We have a
better chance of helping studénté reach these understandings if we structure
learning situations ;ooperatively.

Thus, "effective teaching involves the considered selection of a ;eaching
approach to attain a desired educational outcome with a particular type of
leaéner“ (41). It should be clear then, that, despite recent outcries from
back-to-basics supporters and direct instruc;ion proponents, an emphasis on

basics and direct instruction is not .effective in all disciplines or for all

students (18, 20, 43). This point is‘extreﬁely important for science teachers
and administratoré to realize. The objectives of effective science classes
focus on higher level processes and coénitive skills (e.g., ability to
identify and solve problems, inquiry ékills, analyti; thinking) in addition to
acquiring scientific content. Thus, teachers should implement a variety of

instructional techniques (e.g., lab work, demonstrations, group work,

B

projects, simulations, independent study, brainstorming, role playing,

questioning, classroom discussions) that bear a logical relétionship to the

instructional objectives. It must be remembered that the appropriateness of
an instructional technique is contextual. That is, it must be judged in terms
of the instructional objectives it is supposed to help students master—--and,

whether or not students master those objectives. Under such learning
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conditions, all students have equality with regard to learning outcomes ).
Another major goal of education must be to provide all students equal access
to knowledge ané learning outcomes, not merely equal opportunities to learn
(&, 21).

Effective classrooms are, therefore, characterized by a diversity of
instructional stratégies.being implemented, depending upon the objectives and
student needs. Wise and Okey characterize an effective science classroom as

one in whichs

Students are kept aware of instructional objectives and
receive feedback on their progress toward these
obJectlves. Students get opportunities to phy81ca11y
interact with instructional materials and engage in varied
kinds of activities. Alteration of instructional material
or classroom procedure has occurred where it- is thought
that the change might be related to increased impact. The
teacher bases a portion of the verbal interactions that
occur on some plan, such as the cognitive level or
positioning of questions asked during a lesson. The
effective science classroom reflects considerable teacher
planning. The plans, however, are not of a "cookbook"
nature. Students have some responsxb:llty for defining
tasks (57).

Flnally{/Squlres, Huitt, and Segars maintain that superv1slon that - supports
classr&&ghteachers efforts to increase student 1nvolvement, success, and
coverage can lead to increases in achievement, especially if supervisors help

teachers plan, manage, and instruct toward those desired outcomes. Thus,

every supervisor should be proficient in observing classrooms, in conducting

conferences, and in planning with teachers to improve performance in those

areas. Successful, positive supervision can be rewarding and productive (48,

49).

Systematic innovation in science instruction has been found to produce

positive improvemwents with regard to science learning and attitude ).
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Schools can be effective in eduéating most students and science programs can
be designed to be exempiary. When ins;ruétional ;ethodé, techniques, and
activities match the inquiry-oriented nature of science, studenfg not only
enhance their performance on higher level skills, but they acquire more
scientific knowledge while developing more positive attitudes about science
(27, 28, 45, 46, 47). |
Finally there is another area that, while not controlled by teachers, dwesi
affect teaching and learning. Class size is a factor that affects cognitive,
_affective, and igstructional outcomes. Other things being equal, students
.learn more, are more actively engaged in learning, and have more positive
attitudes regarding school and learning in smaller classes (19). Under the
moét eitreme learning conditions (1:1 tutoring), the average tutored studeﬂt
exceeds the performance of 984 of the students in conventional group methﬁds
oflinstruction. More iﬁpressivé is the f#ct that 90% of the tutored students
attain a level of échievement reached by ohly the highest 20% of the students
under conventional conditions (6). Although exclusive one~to-one instruction
is obviously not possible in classrooms, there are two important messages to

be gleaned from such knowledge:

1. Most students do have the potential to attain the highest<
levels of learniag (6).

2. Measured ability does not account for a great amount of
variance in science learning. Tha primary facters that do
influcnce learning and thus compensate for ability
differences are the quality and quantity of instruction;
student motivation; and, the home, peer, and classroom
environment (6, 8, 53). '

The issue now becomes how does the teacher operationalize these two points

in zlasses warked by whole-group ipstruction? What variables that most

o influencé iearning can be altered so that students attain the same level of

ERIC
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cognitive and affective per formance in conventional class groupings that are
) e

attainable with one-to-one ingtructioa? Recent evidence appears to suggest
that this goal may be attainable. Bloom and his associates believs that when
two or three alterable variables involving different objects of the change

process are used together their effects appear to be additive (6). The four

direct objects of change identified by Bloom and his associates are:

"~
=~

1. . the learner,

2. the instructional material,
3. the home environment or peer Zroup, and

4. ' the teacher and the teaching process.

]

By attempting simultaneously to alter variables associated with the

learner and with the teacher, for example, the results may be greater than if -

3

we attempted to alter two variahles associated with the learner: A number of
7 -

possible combinations leading toward enhanced performance in science classes

. -

“ can be envisioned. For example, teachers might use the petheds, techniques,
and strategies of the new science curricula (which is a change in Object 2) in

conjunction with:

1. Learning feedback-corrective methods (object 1). Bloom
" estimates that with this combination, the average student
would exceed the performance of 90Z of the students in
conventional science classes. o {

2. Cooperative learning (Object: 4). The average student,
according to Bloom, would exceed the performance of 85% o
the students in conventional science classes.

3. Home environment intervention (object 3). The average:
student would exceed the performance of approximately 80%

. of the students in conventional science classes, according -
to Bloom. . “
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In-addition.to.the.school.environmenc, what home factors can be identified

that affect student .achievement .and attitudes in-sclence?

The ﬁome environment is one of the most important influences in the
dgvelopment.of a8 child's cognitive abilities and affective(charactefistics s,
6, 30, 53, 55). Parental involvement is a key factor in.influencing a child's
desire to learn. Many teachers find it usgeful to involve parents in learning
activities with their children at home (2). Direct “parent involvement in |

learning activities is a strategy for increasing the educational effectiveness

of the time that parents and children spend with one another at home" 2).

Teachers should stress the importance of the home environment and
out-of-school peer groups. Parents should be encouraged to provide
opportunities for their childrép to learn outside Qf school; to stress the
importance df }earning; to establish a regular study schedule; to review their
childrenfs homework; to limit the time allowed‘fof television viewing; to.
support out-of-school peer groups with learﬁing_interests, goals, and
activitie;._ - |

Many parents indicate a Qillingnesqaand.desire to help their children, but
théy don't know where to begin. Bloom has synthesized ;ome home environment

factors that influence school learning, which teachers and administrators

should share with parents. Such factors include:

1. monitoring work habits in children;
2. allocating times to study or read;

3. placing a priority on schoolwork, reading, and other

_educational activities over television and recreation;
4, providing academic guidance and support;
5. encouraging activities that have educational value
e.g., family discussion of news, current events, TV

programs, as well as the use of libraries, museums, and
cultural activities; '
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6. providing oppdrtunities for the enlargement of vocabulary and
sentence patterns;

7. supporting and encouraging the child st each stage of
. educational and cultural development; and

8. assisting the child in establishing academic aspirations and
expectations (5). .

Ware and Garber note several home environment variables that predict

student achievement (55). The availability of materials in the home seems -to
be the most important variable f;r predicting school success. Parents should
be encouraged to i.ave books for school and leisure reading,.as well as games
and supplemegtal ma :rials to enﬁance what is being taught in school. ~ The
) o

reméining home enviroqm;nt variables influencing schievement are interactive
processes that exist between the parént(s) an& child,.e.g., awareness of
chiid's develo;ment; the system of rewards for intellectual gttainment;
expectations for child's schooling; aﬁd, the.reading press the é;rent places
on the child. Hope-centered'activities that enhance these interactive
relationships also have the potential for increasing ghe child's school
success. .

Becker an& Epstein have identified fourteen 8pecific ;eéching techniques

that teachers can use to involve parents in learning activities with their

children. The five major categories include techniques that:

1. involve reading and books;

1

2. . encourage discussions between parent and child;

3. 3pecify‘certéin'infotmal activities at home to stimulate
" learning;

4. involve contracts between teachers and parents thét;8pecify

a particular role for parents in commection with their
children's .school lessons or activities; and
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5. - develop parents' tutoring, helping, teaching, or evaluation skills

(2).

el

Techniques wlthln each of these. grouplngs are effect1ve regardless of the
educational level of the parent and/or socioeconom’-~ status. Wslberg notes
that “thé 'alterable cur:iculupwqfufhe hqme' is twice as pfedlctlve of
academic  learning as is famify socioeconomic status" (53).

Family environmental variables cén be altered by educators and parenté to
promote a child's cogﬁitive and affective development. Many teachers complain
about the lack of 1Qterest some parents have about educatlon. Reality is fhat'
many parents do not know how to express thelr concern or how to enhance the

| .
11ke11hood of their chlld 8 school success. Thus, fo: parental involvement to
be successful teachers and administrators may need to help parents create
environments that encourage cognitive and affective leaf;ing. Teachers and
administrators will need tovestablish parental involvement programws and to Se
familiar with the socio-psychological dynamics of families- (30). Techniques
for parent invol;ément in home-learning activities have faf greater potential
for actively involving parents in important educstional exchanges with the
teacher than have traditional school visitation nigﬁts and/or pargqt-feache§f7
conferences (16). Castenell has noted differences among achievement

motivation in adolescents (11). Not all adolescents perceive academic

‘achievement as being necessary for success in 1ife. . Adolescents, however, are
capable of perceiving achlevem;nt in home/ situations and/or peer

" relationships. Thus, it is imperative f r teachers to recogn1ze diverse life

experiences of students and adjust the c rriculum accordingly. Similarly,
teachers can provide parents with suggestions that could originate at home and

could lead toward academic success. Ca tenell also asserts that traite such

7

/ 3 . . .
as cooperation, collectivity,'and interdependence are important in motivating

students for academic achievement. /
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Finally, wifh regard to the homg environment, research on home factors
indicates that the influence o} televigion on achievement depends on the
amount of viewing tims. Thus, television is neither the villain nor the
redeemer with regard to academic performance. "Up to 10 hours per week of
television viewing may actually enhance achievement slightly. Beyond 10
hours, ach?evement diminishes with iﬁcreased viewing up to 35 or 40 hours per
week" (56). Parents then, should monitor the quantity and quality of,
telavision viewing.. Teachers, however, should encourage parents to watch
.educationaliprogéams with their children for the purpose of discussion.
Teachers could even prepare a few o}en-ended discussion questions for such
viewing. The benefits derived by students, p;rents, teachers, and society

alike are extremély valuable. As educators, we must not ignore the potential

of the home environment.

Summary

Learning does not occur in a vécuum;“ Students' progress is affected
Ly factors in the school andlin the classroom, as well aslby conditions
in the home. - T

Science teachers chn'profit from the reséarch on effective schools
gg@ effective teaching. Many ;rsgrams reflect features of the effective
échoo}s iiterature. This reseafch_can be‘viewed from two perspectives: -
by looking at the characteristics of an effective classroom, and by

asking what characteristics of the school as a whole influence student .

per formance.’
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Several factors in the classroom influence studert ‘hievement .

These include students' use of time in the classroo - . .rs' planning,

instruction, and manageuent of the classroom; and t 3! support of

teacher behaviors in the classroom.

Effective schools and schools with exemplary gcience . ..rams are

characterized by strong teacher and principal leadership in a climate

that eﬁphasizes academics and success in an orderly envirc ment.

The hoﬁe is one of the qgsﬁ_impo;tant influences in ‘- 2 development
of children's cognitive abilities and affective characteristics. Family
envirqnmentalhgactors*can be altered by educators anrd parents to promote

children's development. Teachers and administrators ‘are encouraged to

establish ways for parents to be involved in their children's learning.
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Lowell J. Bethel, The University of Texas at Austin

‘Is .there-a shortage-of .science-and mathemat1cs_teaq§e:s°_TAxe.ney.sqieagg
teachers. being prepa:ed to enter-the p:ofess10n’

There is a severe ‘shortage 'of teachers in science and mathematics now,
and it will grow steadily worse over the next ten to fifteen years (14). In
1982, en the average, teacher traiaing institutions throughout the countfy
each-graduated only three mathematics teachers and only five science teachers,
most in biolegy (23).

This problem of dec}ining numbers of science and pataematics teachers
will be further exacerbated by the 1ncrea81ng numbers of high school students
beglnnlng in 1985, by increased high school graduation and college entrance
requirements, and by the high number of sc1ence teachers who will leave the
profession for retirement, for higher-paylng industrial pos1t10ns, and because
of teacher burnout. X |

According to the National Center for Educational Statistics, there are
currently about 200,000 science and mathematics teachess in elementary and
secondary level classrooms (18). Inv1980, thirty states seported shortages in
mathematlcs, sixteen states reported these shortages as critical (8, 9). By
1981, the number of states reporting shortages in mathematics and science had
grown to forty out of the forty-five responding (25). A look at trends over
the years 1972 to 1982 reveals that the number of secondary school science
teachers decreased by 65%Z. The corresponding decrease for mathematics
_teachers was 75%. - Moreover, almost five times more science and mathematics

_ teachers left teaching in 1981 for employment in non-teaching jobs than left
. . - ;
because of retirement (15, 19). Ovesall the supply of individuals with

science and mathematics education degrees has been falling since 1972 (20).
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Perhaps the most severe problem facing science education presently is the
critical shortage of guﬁlified science and mathematics té#chers, especially at
the secondary level (40). When one reviews science teacher education programs
nationally, it appears that science education at the elementary school level
is no bettersoff.’ |

While many reports identify critical needs for teachefs in both science
and mathematic;, some states are reporting no shortage of either science or

mathematics teachers. Since we know that universities are graduating fewer

science teachers. and that enrollments are on the increaee in high school

science classes, why is the‘3hortage problem not more severe?

A review of data-génerated by one state department of education reveals
tﬁ%t positions are being filled by people with emergency teaching certificates
(32). In these cases, teacheré who have not fulfilled all of the necessary
requiremengs-&n science or mathematics are given an eﬁergencyateaching,

certificate for one to three years. During this'timg, they must complete the

coursework to meet the minimum requiremgnts of the position for which £hey
have xgceived an emergency teach{ng certificate. If tﬁis pggctice is Qidely
followed throughout the states, then.feacﬁer shortages will appear to vaﬁish..
This practice has resulted in decreased numbers ofmteaching vacancies, as well

ag decreased reports of teacher shortages. .However,:it raises the important

'quesﬁion of the qualification of teachers.

The Problem of adeduate numbers of qualified.teachers, at all levels, is
complicated by the-quality of~stud;?ts drawn to the education field. The
average SAT scores for all student§ in the country have been falling.for over
twenty years. Hurd reportsvthét the average SAT verbal scofes for education

majurs has dropped from 418 to 530f-a drop of 79 points (15). Hurd also
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reports that education majors piaced 17th out of 19 fields of study on the ACT
math tests; they placed 15th out of 16 fields on the SAT mathematics test (15)
There have been efforts to 1mprove'sc1ence teaching preparation
programs. Several preservice science teacher pxograms were established in the "
19708 during the development of the innovative science curricula supported by
NSF funds. Examples include the Purdue and Iowa UPSTEP programs, funded by
NSF (6). These two programs, together with many other UPSTEP programs,
resulted in new and 1mproved preserv1ce ‘sciencs education programs. In
addition, nine programs were. funded by the U.S. Office of Education for the
improvement of elementary teacher education. Helgeson and his colleagues

report no research findings to indicate that any of these programs had a

-

significant impact (12).

Other new programs started 1n the 1ate 1970s in order to improve ;
preserv1ce science education include the New Elementary Program, University of
Florida; A College School Cooperative Science Teacher Education Program,
Richmond College "of City University of New York; The University of Jowa Model
gnd Project Assist, The University of Towa; and the Cooperative Teacher |
Educaiirn Program, University of Illinois (12). Many of these programs were
the result of a iandmark survey conducted 1n 1968 by Newtoniand Fletcher.
Called the Research on Science Education Survey (ROSES), it revealed that
preservice science teachers saw education courses as irre1evant to their
future teaching careers (6, 12). Many felt that professional education
courses were useless or a waste of time. .

Several states have begun to consider ways to improve methods tor
selection of new teachers (30). Some states require higher.admission

standards for preservice teacher applicants. These procedures have taken

three forms. Some states test for entry level literacy and computation
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‘bkills; Others test the applicant's general education'background, which

covers the liberal arts program of the first two years of college. In this

approach, stu&ents wishing to enter schoolé of education must achieve a
specified minimdﬁlscore or be denied édmigsion into the program. Another
approach that is being instituted is the raising of grade-point—average
tequ?rements for-admission into colleges of education.

Some states are beginning to test teachers after the completion of their
undgfgraduate training; In these efforts, before a teaching certificate is
granted, candidates must attain a minimum score on a norm-refefenced test.
High cutoff points are set to ensure improved teaching. The National Teacher
Examination is used by some statES;for this purpose; other states have elected
to develop their own examination.. The state—developed tests generally are of‘
two types: basic skills tests, or tests of specific competencies thaf |
teachers are expected to have iastgred to be éffeétive teachers at either the
elementary or the secondary level, specifically in specialties such as
science. Georgi;‘has spent over $2 million to develop a pérformanCe
évaluatién'éystem for beginning teachers. Florida hﬁs also developed an’
evaluation program-to assess new teachers' skills before issuing a final
teaching certificate. Similar procedures are planned by other gtates.

count:yl__uhat T the effect_of_thls traln g_qg gggchers attxtudes and
practices?

Many educators, including school principals, supervising teachers, and
science educators, agree that beginning Feaéhers lack competence in science
subjecf matter. Often they have experienée in one gsubject areé (e.g., life
science, physical science, earth sciencg), but are expecfed to teach several

subject'areas during the course of the year. Usually state certification is
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based on course‘titlés,‘number and distribution of university credits, and
grades earned (6). Certification is thus based on the "approved-program"
approach, involving.colleges and univeréities_in.the certification pfbcedure.

Undergraduate cohrées by preservice teachers are the same as those
usually taken by students preparing for éraduate study or for professional
schools (e.g., medicine, iaw, eﬂgineexing; etc.). Further complicating the
problem is the fact that secondary level scieﬁce teachers receive t;aihing in
twé'major areas:. genergl undergraduate ac#demic courses and profes%ional
education courses. Offthe education courses, a small number ;re in‘their
major subject area, and feﬁ or none are in other science areas. Fér instance,
bi&logy preservice teacher; take, on the averégé, eight undergraduéte biology
courses, or an equivalent of twen;y-four credit hours (3L); Howefer; they are
-required to tzke few or n; courses in chemistr& or physics. The same is true
for earth science, chemistry, physical science, and physics majors. Surveys
reveal thﬁt about 21% of the nationfs biology courses are taught by teaéhers
with less than eiéﬁteen semester hours in biology (31).

Elementary preservice teachers are rérely required to take more §cience
content than is required for the academic foundations component of their
undergraduate program (12). This usually amounts to no more than two science‘
courses, or six semester hours. Another problem in teacher edﬁcation at the
elementary level is the certification process. Certification of elementary
‘teachers is a responsibility'of each state and its department of education.
There is a wide variance of requirements, as reported by Fiestritzer in her
state-by-state analysis of education (10). Most state education department

requirements for teacher certification stipulate a science course with a

Q . L K ¢23£)7
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laboratory and a science‘methods course for all elementary preservice teachers
(22). But some states are beginning to eliminaté this requiremént. In order
not £6 increase the number.of hours in a teacher education ‘program,
éubstitutions are allowed or old standards are.altered or chaﬁged. This has
resulted in some states certifying teachers without any credits in science.
(36).

There have been some improvements in the subject competence of presérvice
teachers. Yet, the typica} dhdergraduate sequence of required science_cbnrseé
is inadequate. A major probleﬁ noted by Hufd is that '"the college or
university major for science teachers is not typically based on a content
analysis of (éresenf) scho&l s;iehce, or, in other'ﬁords, what the teacher is
expected to teach" (15).

In 1969 tﬁe American Association for the Advancement of Science (AAAS)
together with the National Association‘of.State Directors of Teacher Education
and Certification and the National Science Teacﬁers Agsociation (nNSTA),

formulated and published guidelines for the preservice science education of

PR

‘elementary and secondary teachers (1, 21). NSTA has recently issied another

position statement on preservice elementary and secondary-science teacher

education (23). NSTA and AAAS continue to endorse and support tﬁe

guidelines. Most universities and colleges, however, have not é?llowed the
guidelines. While the guideliﬁeé have caused some sciencereduc;;ion courses
to be changéd, the changes have had little, if any, impact on c%llege
requirements for certification (10). While these nationai"scieé?e education
organizafions continue to refine thgir positions, there is no mé?hanism for
translating these positions and statements into science eddcat%én courses that
can imprer the preparation and quality of preservice scienceﬁzeachers‘at both

the elementary and secondary levels.
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How teachers get trained in their profession affects both their teaching
practices and their attitudes. To“cite but one example, use of inquiry

methods ‘has been a major obJective of science education at all levels since

the early 1960s. Several reports using meta-analysis as the maJor research

method have convincingly demonstrated strong empirical support for the use of
inquiry methods for teaching science (29). The reports conclude that this
teaching strategy significantly affects students' performance on seventeen out
of eighteen performance criteria (29). Students involved in the programs _
developed during the'curriculum reform era of the 19608 had the greatest gains -

in such areas as science process sk111s development, attitudes toward

science, and science achievement. The new science programs that stressed

1nquiry methods appeared to offer many avenues for 1mprov1ng science education
(29). If more science teachers were adequately trained in methods used in
these programs as part of their preserv1ce science education, the quality of
science instruction would increase dramatically thrcughout.the country.
However, as shown.by Helgeson and his colleagues in their study of various
science teacher preparation programs, traditional teaching
methodologies—-lecture and verification laboratory enercises--are predominant
in our teacher-training c1assrooms.(12).

Research indicates that”inquiryﬂmethods training can and does result in

significant changes in inquiry methods teachinb (12). Evidence exists to

‘demonstrate that, in the dew_:lopment of process tesching 8k111s, participation,

in designing inquiry lessons is more important than knowledge of sc1ence

(12). But teachers at both the e1ementary ‘and secondary 1eve1s found 1nqu1r§

methods to be difficult to establish and manage (31). Some teachers felt that

state guidelines for laboratory work were 1mposs1b1e to meet (31).
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Ap;roximately 20% of the\teachers interviewed by Stake and Easley stated that
equipment and supplies were difficult to acquire;.other teachers considered .
inquir;~metho&s daugerous, especially in classrooms with many discipline
problemsb(3l). |

Science taught as inquiry at the_elementary and secondsry_level,is
valued, however , by most teachers and school principals (12); A major barrier
to the teaching of science as inquiry is the preparation of science teachers.
A large percentage of teachers (cbout 78%) are ill-prepared, by their own
admission aud iu the eyes of others, to guide students in inquiry methods
(31). Wh1le one-th1rd feel that they receive adequate support for this style
of teaching (36) their college and teacher training did n?t emphas1ze or use
such methods (12). There have been-attempts.to 1m?rove procesSvsk1lls,
development in teacher training programs, but not much has come of these
efforts (12). The National Science Foundation attempted to overcome this
problem through summer institutes and academic year programs dur1ng the l9703:
(12). About half of all teachers survéyed by Helgeson and his colleagues had
attended at least one NSF inservice workshop. Howeuer, only a few of these
NSF prograums were_spec1f1cally des1gned for elementary schoel teachers. i

During the 1970s, three major status studies concerned witu various
aspects of science education were commissioned because of national concern
about science educat1on. The f1rst was a_ l1terature search and summary
conducted by Helgeson and others (12). The second was a collection of
in-depth case studies carried out in,several school systems (31). The third
was a compreheusive survey of teachers, school administrctors, and curriculum

supervisors (36). |
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The studies found that.some teachers were using more inquiry-oriented and
"hands-on" activities in their clssefooms. Much of this change swsy from
didactic methods was due to NSF summer workshops and scsdeﬁic yese
institutes. Student~centered clsssroome were prevalent among teachers who had
attended at least one NSF-sponsored program. Yet a large percentage of |
classrooms relied heavlly on textbooks, rec1tst1ons, and tesche r-d1rected
activities. Demonstration at the secondsry level was used a grest deal.

Not surprisingly, thevthree stud1es identified the tescher as being
centrsllto science education. Concern was raised over the wsy teachers are
both trs1ned end taught. Preservice teachers are poorly orepared in several
areas of science. The case studies by Stske and Easely" revesled that teachers
were pooelf'preoered to teach many of the NSF-supported science curricula and
usually required inservice courses as soon ss‘they grsdusfed (30).

There have been a number of otudies assessing the sftitudes of preservice
teachers toward science end science tesching; mahy have investigated the
relstlonsh1p between attitudes and 1nqu1ry-tesch1ng methods. Berufsloi and
his colleagues investigated the changes in attitudes of preserv1ce teechers se
a result of experiences with inquiry methods (2). After complet1ng_sn
inventory of attitudes toward science, students took & methods-of-teaching
course that stressed "hands-on'" experiences as well as inquiry sctiyities.
Results 8howed"that_3ignifiCant positive changes in sttitudes.towsrd science
and inquiry teaching methods had occurred (2).

A similar study was undertsken with elementsry teschers in order. to
assess the effects of an inquiry-ofiented, hsnds-oh, gll~day workshop on
attitudes toward science and inquify teaching (2)...The procedufe gave

preservice teachers opportunities to handle materials, to do experiments, and
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to interact in suall groups. These activities significantly improved
attitudes toward:science and science.teaching that emphasized inquiry methods
(2). ‘

Preserv1ce elementary teachers are usually required to enroll in an.
' ndergraduate science methods class. The methods course in sc1ence is
expected to do many things 1n one semester: teach science concepts, develop a
philosophical v1ew of science, prov1de a refresher course in educational
psychology and learning theories, and prov1de the structure for development of
science 1nqu1ry teacher strategies. However, "Renner suggests that research in
'science education has demonstrated two 1mportant findings:

1. Science inquiry activities from the elementary science
"alphabet“ programs are effective in changing attitudes '
'toward science and science. 1nqu1ry teaching.
2. Training models used to instruct preservice teachers are
effective in developing specific teaching behaviors such
as observing students, evaluating students' classroom
performance in science, developing effective question -ng
strategies, and other behaviors related to teaching
science in inquiry (26).
Other studies have demonstrated a relationship between teaching
methods and attitudes. Yeany developed three procedures designed to
' encourage and instruct preservice teachers to use inductive/indirect
teaching methods for science instruction (41). The first method
consisted of 1nstruct1ng preservice teachers in the use of the Teaching -
Strategies Observation Differential (TSOD), a ‘science teaching strategy
analy31s method. The second procedure required preserv1ce teachers to
view videotapes of model science lessons that demonstrated

inductive/indirect teaching methods. The third procedure was a

combination of the_previous two. Yeany found that the group receiv1ng
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the combination treatment adopted a more inductive/indirect teaching
étyle than ¢he control group, which only viewed the films. The data
suppor ted tﬁe hypothesis that activities can be'planﬁed and used with
preservice teachers and that these activities significantly affecf
teéchiﬁg style as well As aftitudes (41).

Science educators at:the University of Georgia have reported a
number of investigationénreléted to teacher performahce in the classroom
(5, 13, 33, 34, 35,). Many of their studies havé’repofted.onsthe Teacher
Performance Assessment Instrument, which is used to assess teacher .

" behavior and performaﬁce.in the classroom. .

.Herron and his COIieagueé summarized several elem;ntafy science °
teacher education studies condﬁctgd prior to and during 1974 (13). A
Jumber of the studies focused on the development of science process

skills and their use in classroom teaching. It was reported that most

experimental groups, when compared to control groups, improved .-

significantly .in their development and use of these skills and exhibited
igproved attitudes toward science (13). App#rently, however , attitudes
were unaffected in one case after science process skills instrgction
(24). It would, therefore,.appear that ;rogr§ms that streés the
development. and use of science procesé skills not only impfove these
skills, but also tend to improve attitudes toward science and science .
lteaching.

It can be concluded that neither elementary nor secondary school
science teachers have Been exposed to s&ieﬁce courses where the teaching’
methodology emphasized inquiry and the development of conceptsi(31).

Good, sound model interdisciplinary courses have been nonexistent (31).

213

¢



Another factor that affects, in parficular, elementary teacher
attitudes toward.science is the relatively small amouﬂt of required
science content coursew§rk. Because eleﬁentary science tea;hers are
required to t#ke so few courses in science, many feel they are not

adequately prepared to teach gcience. This lack of training in the

science discié;;nes is beliéqu to be one of the biggest obstacles to
improving e1ementary.scien£é programs (31). Weiss reports that only 22%
of elementary échbol teachers feel'qualified to teach science, while 39%
féel qualified in social studies, and 49% feel qualified in matheﬁatics
(36). In anothér su:véy of e1eméntary school teachefs' perceptions of
their ability to teach ;cience, she found that 16% felt "not well
Nprepared?" 60% felt "adequately qhalified," and 22% felt "well qualified"

(36). Stake and his colleagues wrote:

Although a few elementary teachers with strong interest
and understanding of science were found, the number was
insufficient to suggest even half of the nation's
youngsters would have a single elementary year in which
_their teachers would give science a substantive share of
the éurriculum and do a good job doing it (31).

Hurd reports that almost 51X of elémentary teachers say that their
pfeservice training did not prepare them to teach the science they are required .
to teach on a daily.basis (14). ‘Another’712 reported that they had ﬂever had
finservé;e science training, while 64% revealgd that they no loﬂger had science

consultants to help (14).

Do_ggqphgqs_tqql1g;gggq:gqﬂgqgg:igggqqiCQZ1:1£1tﬁgy_40x410w effective.is itl
Whatﬁig;que_qqnneq;us;q;qgﬁqfﬂSCiqqqghipqg;vicq?

There is no question that today's science teachers are better educated

‘/ .
than were their colleagues of the 1950s and 1960s. But research reveals that
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teachers perceive inservice education to be of little or no value (3, 4, 28).
Teachers'complﬁin that inéervice‘is'irrelevanf't; the classroom; that
inservice is too didacti;; that inservice provides few opportunities to
patticipate actively; that they have few or no opportunities for.inpgt during
insgrvice planning; and that there is a lack of a continuous, long—férm
inservice plaﬁ. These complaints have a lﬁrge measure of truth.

Gardner and Yager identified the late 19503 and early 1960s as a ;fitical
period in s;ieﬂce education (11). This was the time of Sputnik and the
growihg realization that our elementary and secondafy school science programs
were out of date. We also realized that science teachers were poofly educated
in science. These conditions resulted 'in the NSF funding a series of summer
institutes. ihe institutes were designed to assist science teachers in
subject matter competence and to upgrade their science c;ntent‘knowledge
(27).

The;ﬁéf program grew r#pidly in .popularity and size. -Science coﬁrses
were designed foé-science.teachers. The courses emphasized the latest
developments iﬂ-various science fields. NSF also funded unew science
curriculum programs (e.g., CBA, CHEM study, PSSC, BSCS, etc.) in order to
update the content of scignce classes. The new programs reflected more
closely the naf&re of the séientific enterprise and'reflected what scientigts
do. Tt was héped tﬁat‘these new science courses would cause more students to
.pursue careers in scien;e; However, little or no attention was devotéd to the
development of instructional strategies o; teacher behaviors necessary to
successfully implement many of the new science materials‘and programs.

The summer institutes were popular and successful. To get more young
science teachers involved in science inservice during the school year,
Academic Year Institutes were initiated &uriﬁg the early 1960s, also with NSF
. 215
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fundlng (27). These gave science téaching professionals an opportunity to
concentrate on science studies dur1ng the academic year. Many science
teachers took advantage of this opportunity (27).

Many more acience.teachera (at both elementarytand secendary levels)
attended one or more NSF-sponsored workshop, conference, or institute than did
social studies and mathematics teachers. More than 46X of the elementary
teachers responding to the Weiss survey and 56% of the secondary teachers
reaponding reported having taken'atlleaat one inservice science course prior
to 1976 (36). At least. 50% of the elementary teachers and 42.5% of the
secondary teachers had enrolled in at least one inservice science course
during 1967 to 1977 (365. ‘A large percentage of teachers earned one or more

degrees beyond the bachelor's degree. Obviously, many teachers were striving
to keep abreast of new developments and to stay current 1n their science
knowledge (36). Significantly more secondary teachers earned oee or more
graduate degrees than did elementary teachers (52% and 29% respectively)
(36). In add1t1e;, secondary teachers were exposed to more science courses
than were e1ementary ‘teachers because of the1r ass1gnments.

Weias' survey showed that more and better science inservice opportunities
for elementary teacﬁers are required. Her analysis showed that elementary
teachers{ perceptions about their qualifications for teaching science were
consistent with the amount of time spent teaching it. On the average they
reported teaching science nineteen minutes a day in kindergarten through 3rd
grade and thirty-five wminutes a da§ in ath-through 6th grade (36).

Who érofits most from local science inservice efforts? Weiss reported
that elementary teachers felt localﬂscience inservice was more useful than did
secondaryvlevel teachers (40% aad 222 respectively). She found that
e1eﬁentary principals rated local inservice.higher than did principals at

progressively higher grade levels (from 47%.to a low of 25%) (36).
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The NSF-fuhded surveys #135 reveal some disturbing facts concerning
federally-supported scienﬁe inservice. lThe majority (over 50%) of teachers
surveyed in 1977 reported that they héd.never participated in NSF- or U.S.
Department of Education;Sponsored science institutes (36). Science inservice
fqr teachérs in kindergarten through 9th grade appears to be'critically
\neééed. When we realize that the majority of scienﬁe teaching occurs in these
gradég, since over 50% of the s?udents.enrolled in schools today are not
requiféd to take science beyond -10th grade biology (12){ this need becomes
particula;ly acute. |

Fundingxof science inservice prograﬁs by the NSF was curtailed during the
early 1970s, thQS:precipitating another =risis in science education (40). All
federai funds. for -both curriﬁulqg_devélopment and science inservice were
denied. This retreat on tﬁe part of the federal government qas,.in fact, a
retreat away from leadership in science education. Paradoxically, however,
NSF‘did\agree to fund scieﬁce education_rgsearch through a program-entitled
Research ih‘ScieﬂEe Education (40). :

Currently, as a result of the findings and the wide dissemination of the
three large science education status studies, the National Assessment of
Educational Progress‘science asséssments; the.NAEP results, and the NSTA
Project Synthesis study, togéthen~with prominent positions taken by the
National Academy of Sciences, the American Association for the Advancement of
.Science, NSTA' and a host of individual science educators; the federal
government ha;,resumed some of its leadership role; A major program, the
fresidential A&ards for Excellence in Science and Mathematics Teaching, has

been launched to identify outstanding science teachers from every state.
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. . . . . /
Tt is important that the federal government assume some role of

leadership in science education, particularly through the funding of science
education programs, including inServiée. It is Virtgglly impossible for an& ’
state to assume the major leadership of sciéncéveducation thr;ugh the funding /
of innova;ive science programs and inservice. Most states are doing well to///
maintain their current>funding levels in education. The resumption of fqnd;ng

. /
from NSF offers promise for the future. '

A major overhaul of the ihgervice program must be mede if it is to assume
its rightful position in improving the quality of education. Educgtion
persbnpel must define the mission of inservice education. It must be viewed
in different terms. For instance, if large numberé of our science teachers at
all levels are not adequately prepared to teach science when they graduafe,
then inservic?zscience education must be viewed and treated as cbntinupus with
preservice science education. Teachers must have meaningful»input into
inservice planning. 1f necessary, incentives should be offered to_su;tain
interest and attendance. Inservice must be'rélevant to teachers' needs,
concerns, and interests; it must also‘meeé the needs of teachers and
students. _Finally, there must be adequate financial support from-both federal
andsstate sourceé,‘and adequate community support from both administrators and

interested parents.

There are some excellent plans and models for improving the quality of

‘ingervice and staff development. Many of these are applications of the
effective schools and teaching research (3, 4, 16, 17, 37, 38, 39).ifHo§t of
them can be adapted for the local delivery of quality science education.

" inservice.
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Summary

As more opportunities.fo; science educators open up in business and
industry, we can expect to see more people leaving classroom teaching. This
gsituation is exacerbated by relatively low numbérs of students electing
science education.majors in college. At the same time, many states are
increasing the science credits needed by High gchool students to graduate.
Taken together, these facéqrs add up to a significant and gr&winé problem in
education. Assigﬁiné teachers without science certification ﬁq science
courses is, a£ best;'é Short-ferm answer to this problem.

The reglvis;ue, of course, is the quality of teacher education in
science. At the preservice level, students must be.giveh adequate preparation
in the "content" areas of science and.in the process skills that form the
basis of teaching methods classe;. . Students who experience inquiry-teaching
methods courses are more likely to adopt such ﬁethodsvin their own c¢lassrooms
than are sﬁudents who follow 1ectu;e~apd-disc&ssion courses in the
university. The lack of success éf'the alphabet programé‘that feature inquiry
'methpds is probably due more to the reluctance of teachers to_use.them thaﬁ to
any other single facté:. |

Inservice education” also need§ to be strengthened to continue honing the
skills of practiciné teachers. However, the focus of insgrvice sessions needs
. to shift from theory-building lectures to hands-on expe;iences so that

c : . .
‘teachers can become accustomed to more active science teaching metheds.
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PERSPECTIVES ON SCIENCE EDUCATION

The final two chapters are unlike
previous ones: These are
"Bersgectlves" papers, which give the
authors' views about some aspect Qf
science learning. JIn the first paper,
we read about learning science as
science is practiced. If the methods
for learning sclence were the same as
the methods for doing science, how
would the classroom look? The final
chapter presents recent research by
cognitive psychologists. This
research offers teachers a new way to

.....

_understand how Beogle process .

information and how what people
already know influences what they will

..... Al A B 'y
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Wayne W. Welch, University of Minnesota

A PERSPECTIVE PAPER
A Science-Based Approach to
Science Learning

This chapter is based upon & simple assumption. The assumption is that
the techniques needed for effeetive science teaching are the same as those
used for effective scientifie_is§estigation. Put another way, it says that
the methods for learning science should be the same as the methods for doing
science. .

The assertion that science education shoufﬁ imitate science is not new.
In fact, it w;s the basis for much of the'curriculum development actirity in
the 1960s. However, this relatlonsh1p was more 1mp11c1t than exp11c1t and it
1nf1uenced curr1cu1um materials more than the behavior of students and
teachers in the classroom. In the d1scuss1on that follows, the assertron
fbecomes the basis for prescribing an approach to sc1ence learning.

Although there is some research evidence and considerable logic to .
support this argument, it is not my purpose here to justify it (2). _Rather, I
ask you to accept the assumpt1on and exsmine the result1ng 1mp11cat10ns for .
science education. What is the nature of a science program that patterns
itself after the nature of the scientific enterprise? What are the
obligations of science teachers and learners? How does a classroom look that
derives its essence from the key elements of‘scieptific inquiry? 1In the
discussion that follows, I will address these quesrions and compare several of
the characterisrics of -the implied program with the science program usually
'found in American schools. )

Before we proceed,'hosever, we need tonidentify the key elements of the

nature of science. Analysis of these elements will provide guidance in

determining the ingredients of the corresponding science classroom. -
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Unfortunacely, there is no universally accepted description of the nature of
the scientific enterprise. .However, examination of several statements on Fhe
nature of science processes reveals considerable overlap. There is enough
agreement to identify the key elements accepted by most authors and study
groups (3).‘

The practice of science is carried out by people and, thus, the human
factor is very important. Underst#nding.scieﬁce requires knowing what
scientists do, what they believe, and what pefsonal traits they possess. For
e*ample, scientists observe natufal phenomena; they believe that knowledge is
tentative} they are, by nature, very curious. One can quickly see how a
science lesson wou;d be structured to be consistent kith'these characteristics.

| Time and space do not permit a thorough description of all the aspects of
science inquiry. However, I will list'seve;al widely agreed-upon traits
. togeﬁher with a brief description.of each. Much'of this discussionAis based

on previous writings in this area (3, 4).

_Aetivities.

The activities of scientisté are procedures of invéétigation by which
knowledge of natural phenomena is géineé., They are the tactics and strategies
of science: the ways sc;ent‘sts behave in their pursuit of understanding.

There are four major physical act;v;tles ;nd a set of mental activities

or processeé commonly found in the literature.

Observation. Science begins with observations of matter of phenomena;
these.obse;vationS'lead,to the ask;ng of.questlons. Crucial to the method of
sciencé is the abiliiy to ask the right édéstion and to make selected
observationS»relevanﬁ to that quesfion. Observations'aré influenced by past

experience, often involve instruments (telescopes, oscilloscopeé, etc.), and
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require careful recording and description. Surprising or unexpected
observations occasionally contribute new and important knowledge. Observation

is the sine-qua-non of scientific research.

Heasuzement. Measurement is the assignment of numbers to objects or
events that may be arranged in a continuum accord;ng to a set of values.
Expressxon of observatlons in quantxtatxve terms is desirable because such
expresszon adds precision and permzts more accurate descr;pt;ons. In
addition, the formulation as ; well as the establishment of laws is- facilitated
through.the develdpment of quantitatiVe distinctions. Not all scientists are
able ;p make quantitative descriptions of their.observations, but measurement

appears to be a broadly desired goal.

1

Expezimeﬁtatien. An experiment is a series of observations carried.out
under special conditions.. The distinction-between ébservation and
experimentatién is slight. &an experiment always consists of observ#tions, but
it is more than that because the observers usually interfere to some extent
with nature. Thé} create events to observe that are favorable to their
purposes, €.J., placing a rat in a maze.

Experiméntation"ié the hallmark of good science whether if comes at the -
beginglng--as a gathering of facts--or at the end, in the final test of a
theory or hypothesis.. It is an essential ingredient of scientific actlvzty.

Communication. A sczentzst is obllgated to make the xnformation from

’ bbse;vation and experxmentatxon avazlable to the sc1ent1f1c community for
'independent confirmation and testing. Discussion and critical analysis of
findings are key means by which science advances. Sc1ent15ts dzssemlnate
tﬁeir resuits in journais, profesgional meetings, seminars, and through

* .informal ngtworks. .ihjs dissemihation contributes to the common core of
knowledge of the past and p;ovidés the vehicle for continuous review of this
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" Communication is the means by which purpose and usefulness are given to
scientific investigation.

Mental -precesses. Although the boundaries are hazy, it appears that

certain thought processes are part of the comhon pattern of séientific
investigation. These include inductive';easoning, formulation of hypotheses
and theories, deductive reasoning, and a variety of mental skills such as
analogy, extrapolation, sypthesis. and eva;uation.

In addition to these traditional processes, scientific inquiry abounds
with approaches described variously as speculation, guess; intuition, hunches
or insight. The exact mechanisms by which these processés function are
unknown but they are commonlf.cited in the autobiographies of the great
scientists. Pe:hapé Percy Bridgeman. who wrote that "science is doing one's‘
damnédesﬁ with one's_hind, no holds barred," describeé this set of mental

-

processes most accurately.

Beliefs-and-Assumptions

Scientists.appear'to oﬁeratg in acgordance with a set of beliefs about
the natural world, their methods of inquiry., and the knéw;edge these methods
produce. For example, they believe that a real wqfld exists that can be
understood. They assume th;; évents in nature h;ve causes and that nature is

not capricious.

-»»n—f—wmmScientific;inéuirygis_guided_by a code of ethics impoéed by the

community. These professional standards of conduct have developed as part of
the success pattern'of science and provide boundaries for the actions of
scientists. The ethics one finds often in the literature are objectivity,

skepticism, replication, and parsimony.
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_Objectivity is the desire toAmake unbiased and impartial observations.
Realizing that perfect objectivity can never completely exist, the scientist
‘recognizes the existence of preconceptione and attempts to account for their
influence on the conclusions. |

Skepticism towards the conclusions of science is necessary because of the
tentative nature of these conclueions. Authority beyond the facts of nature
is rejected.

A scientist believes that the results-of"erperiments can be replicated,
indeed, that they must be replicated and verified through independent
confirmation. There is an obligation to.provide a description of procedures
used so others may check the results. Replication is the means by which the
skepticism of science is confronted.

Parsimony is the desire to explain phenomena in simple and far-reaching
terms. Activities are guided by the belief that simple explanations are
preferred to more complex ones.

‘The application of the methods of inquiry yield knowledge about the
natural.world. Th1s knowledge is characterized, in part, by the beliefs
scientists have about it. The knowledge is contained rn a variety of facts,
concepts, hypotheses, theories, and laws. These structures make it poss1b1e
to communxcate the knowledge, give it loglcal coherence, offer explanation,
and make predictions. However, a key aspect of the knowledge of science is
its tentativeness. Findings are not viewed as final statements, but rather as

.probabilistié.statements that represent a.serieslof-successive approximations_-
toward some distant, but seldom reached, truth.

The ertent to which scientists actually adhere to theee assumptiohs is
problemat1c. However, those who write about the philosophy of science report

these tenets appear to gulde the1r behavior.
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Characteristics-of -Scientists

Science is a game played by people called scientists. Some of these

players are far more productive than others. Certain personality traits seem

~—
T~

to characterize the more successful scientists'and may provide us with -
additional guidance on the appropriate way to structure a science program.
Several of these characteristics have been identified and are described below
().

Gurieaitx. An intense wonder avout the world around them is a universal
. characteristic of effective scientists. Their thirst for knowledge is great
and much of their life is focused on the seeking of that knowledge. They are
active ppyszcally and mentally, work in many different envzronments, and tend
to exchange views ;ith scientists in diverse fields. -

Usually, this trait appears in their youth and is retained throughout
life. The drive to learn is a dominant f6CUs‘in their lives.

Greativeneas. Creativity depends on an ability to generate ideas and the’

ability to distingu;sh good ones from trivial ones. Klemm suggests that

eat1v1ty is coupled with curxos;ty because curiosity leads to 1earn1ng and
\
one 'is most likely to be creative when one is learning: (1). Fresh, unbrxdled
views seem to foster creativity and many scientists'are most creative when
they enter a new field.

To be creative requires that one be sensitive. When‘pursuing the
nnknown, heightened sensitivrty is necessary to recognize the important clues
that emerge from careful observations or experimental resu}ts.

Commitment. There are three other traits that seem te\eharacterize
successful scientists, which are largely personality tralts. These are

self-centeredness, compulszveness, and initiative; factors taken together that

represent commitment. The critical nature of science requires those who
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succeed to be.extremely strong-#illed and cotfident. The constant threat to
their Qork demands a strong ego with a dompulsive and persistent desire to
lsucceed; |

The compulsion seems to arise, ;n part, from the joy of discovery.
Successful scientists find great excitement in research, and they seek reward
for their discoveries by commtnicating their results to other scientists. The
competition for discovery and the recognition that comes from peers is a
powerful factor in explaining the behavior of a scientist.

Finaliy, good scientists are aggreésive, and possess a great deal of
initiative. The} do nét sit back and wait for thingg to happen,mbtt,rather
they take action based on their hunches and.beliefs. The good scientist is
hungry for knowledge and recognition and works hard to -achieve both.

These elements ‘describe what scientists do, reveal some beliefs and
assuﬁptions that guide their behavxor, and identifyv several personality
characteristics ot successful sdientistg. This description of the domain of
science inquiry, ottlined in Table 1, provides a brief overview of several key
elements of the scigntific process.

(Insert Table 1 here)

The -Learning -of -Science

We turn now from the p;ocess,of science to the learning of science. _The
scientist whé seeks to understaﬁd nature will be replaced in our discussion
by the student seeking knowledge. The domain of science inquiry, outlined in
Table 1, suggests ways that the student should behave in this quest.

. Note that the 901nt here is not to instruct the student about the nature
of scientific inquiry, but rather to create an envircnment that permits and.
encourages the use of the means of science to gain knowlédgq about science.

The process of science becomes a model for learning.
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Table 1

Domain of Science Inquiry

ACTIVITIES -3ELIEFS PERSONAL TRAITS
— - - —t ¢ ' ~
Observation ' About -Nature: Curiosity
Measurement . ' Intelligible Creativity
Causal :
Experimentation Noncapricious Commitment
Communication About -Methed:
Mental Processes Objectivity
Skepticism
Induction Replication
Deduction ~ Parsimony
Form Hypotheses ‘ :
Create Theories About -Knewledge:
Analysis
Synthesis - Structure
Extrapolation - Explanation
Evaluation ‘Prediction
Estimation Tentative
Speculation
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The model suggests that successful students must participate in certain
- activities; be guided by a number of beliefs about the knowledge sought, about
the methods used,.and about their perceptions of that knowledge; and that they
should exhibit certain personality traits. The science-based learner must
make observations, take measurements, conduct experiments, communicate, and be
given opportunities to ca%ry out the fulltrange of mental skills used by the
scientist. The effective learner will deduce, analyze, specplate, and
evaluate, and actively use the rest of the mental skills listed in Table 1.
' The conduc£ of these activities will be guided By various beliefs and
_ _assumptions. For exampl.e:,stgéénsg_yin,_995»91“3__59!?.&9%999 is possible
(intelligible), will seek verification of knowledge gained (replication), and
will realizé\that this knowledge fﬂ likely to change as new activitiés are
carried out (tentative). ‘They will believe that events ﬁave causes
(causality), they will critically examine neﬁ information (skepticigm),'and
they will use the knowledge to forecast future evénts (pgediction).

The pursuit 6f knowleége requires the student to imitate certain
personality characteristics. Effectivé.students will b; curious and creative
and they will possess a strong sehse of aelf—responsiﬁility. This
responsibility will be'manifested in their personal_commitment and compuiéion,
as well as iﬁ their willingness to take the steps necessary to learn

~ (initiative).

.th,only will the effective science learner conduct various activities,
but he or she wiil conduct these activities in a responsible and parpcseful
manner,_guidﬁd by a code of ethics that provides a system of checks and
safeguards onvthe pursuit. The scien_e-based learner will be actidé,'
respectful of the ethics of the di. '®line, and responsible for his or har own

learning.

. 232




The-Seienee-Pregram

An analysis of the scientific bursuit of learnin; calls for an active,
reverent, and responsible leﬁrnef. An effective science program is one that
facilitates and accommodates this kind of learner. Opportunities and
resources must be provided .for students to observe nafural phenomena both
within and odtsidé the classroom. 'Stpdents must pg‘taught ﬁow"to make
relevant observations and must be sensitized to the impértance of these

 observations to science. These observations need not be limifed to .the foﬁr
walls of the clgssrdom but éan be part of the life experiences of children
carried out in places ~1:icren live: museums, z00s, -the backya;d. Sciencg .
takes place in a variety of éettiﬂgs and so does science'learning. The
pursuit_of science cannot occur while the learner sitg passively in a
classroom. ' ' 52

A scienée pr&éraﬁ that fosters and sﬁpports the scienﬁific;§§?éhit'of
learning will engagé g;hdents iﬂ thé activities of measuring, experimenting,
-and communicating; Quantitative skills and tephhiqués must be téught and
opportunities must be proviéed to practice these skills. Science class;ooms
canvbe pattefned after‘research.laboratories. Perhaps the outéoors will |
become a natural adjunct of the classrdom. Students will spend much of their
time conducting experiments in the laboratory or in their na;ural
surroundings. These experiménts'will be designed to yield the knowledge of
‘science t6 the student. Through obéervation and experiméntation, students
will learn such things as.the laws of ﬁotion, the behaviof oflbutterflies, and
the cause of a solar eclipse.

A science-based classroom w@ll facilitqte-communicatiop of ideas,
findings, and predictions among students and between students and teachers-

~

The class will be set up as a science research team is, with the teacher
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gerving as the principal iﬁbestigator{ Scientific journals will be subscribed
to and read, reference books will be available, and results of eiass orl
student inveseigations will be written; referred, and pdb}ished for
distribution.. | )

Students will attend meetingé that are a facsimile of professional
meetindst New knowledge will be shared, findings wiil be criticized, and:
_ideas exchehgedi Results pfistudent investigations will be presentedvand the
'apstracts of the paperé made availableffg those uneble\to attend;

- At the same time students are paéticipa;ing in these activities, they
must also be carrying out the range of mental processes described earlier.
The science program must demand this of” the students. Tﬁey need to formulate
hypotheses to:explain observations, learn to reason by analogy, synthesize
daea, evaluate, speculate and perform all the othezr mental skills used by the
scientist to seek unGerstanding. They must be challenged to "do one's,

damnedest with one’'s mind, no holds barred.® They must become thinking and .

reasoning seekers of knowledge.

Teacker -Responsibilities

The environment of a science classroom that emulates the nature of
science will be-shaped in part by the assumptions and beliefs of the
discipline. A code of ethics will guide the quest for knowledge. Effective
teachers will be reverent to this code and use it‘ to guide their actions.
They will convey these beliefs to their, students.

Amorig other things, these teache;s will operate on the assumption that
nature can be understood, that events have causes, and that there is a

consistency to nature across space and time. Defeatism, pessimism, magic,

astrology, and dogma will not be found in this teacher's class. Rather,
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objectivity, verification, critical thinking, and simplicity are the hallmarks
of the methods the teacher instills in the class seeking science knowledge.

Once knowledge is acquired, teacher and students realize that it needs to
be tested by its ability to explain and predict, and that knowledge is always
subject to change in the light of new knowledge. The teacher does not make
dogmatic announcements of truth. Instead, the class and teacher together
present their best estimation of ‘knowledge gained and continuouslg subject it
to critical_anaiysis and refinement.

The domain of science inquiry gives us some guidance on the personal
traits needed by a teacher in a scientifically-based science program. These
traits should be modeled by the teacher and also used in the recruiting and
selection of teachers. At the top of the list of'such traits is curiosity.
Effective teachers wonder about their corld and actively seek to understand
‘it. Their thirst for.knowledge'is great;.their desire to learn is strong.
They are good role models and they seek to stimulate'this curiosity in their
students. Sentences begin with, "I wonder...?' or "Why do you Suppose..«2"
Those sentences that begin, "There are six steps in...2' or *The cause |
Of miencase iS...'" are not used hy effective science teachers. Their language
is sprinkled with question marks, not exclamation points.

‘Creativity characterizes these teachers as well. They are full of ideas
and give their students many opportunities to generate ideas. Thef are
.sensitive to their world and to theiy students. These teachers are unafraid
to take risks and they work hard to create an open, unobtrusive environment
for the science students. Brainstorming occurs more than recitation.

Students are taught that the only pbad idea is the one not expressed.

4
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Coupled with ﬁhe traitsiof-creativity and curiosity is the more demanding
personal factor of commitment. Commitment is a blend of compulsion,
self-confidence, and'initiative. An effective»science'program not only
demands committed_students; it requires the séhe of its teachers. Seeking
knowledge is a difficult task. It requires hard-working studen;s and teachers
who are pergistent.in their éuest. They must be confident they will succeed
and not be deterred by the many difficulties that will be encountered. The
reward for their persisténce.;s-the joy of discdvery. The successful teaphers
:and students will be those for whom the joy of discovery.is.a great ;éwsrd.
They possess the initiative to make things hapéen and take the.necessarf :
actions to achieve their learning and teaching goals.

Effectivg scienée programs are those.ﬁith curious, creative, and
committed teachers. Shch programs reward students who'expibit these traits
and seek to instill them in students who do not.

An effective way, then, gp pursue gcience knowledgg is to imitate the
processes of effeétive science. Tﬁis proposition is based- upon the'many
parallels between the scientiét's pursuit of understanding the séientific
wofld and the student's.pursuit of knowledge. Several key elements of science
process and scientisﬁs have been described and applied to the elements of
sciencé education: students, teaghers, and science prograﬁs.

What emerges from our description is a portrait of students as
‘scientists. The mo@el suggests that the most effective lgarnerg are fhose who
are active, responéible for their own learning, and réverént to a cgde of
learning conduct. Effective teachers are-thosg who model these behaviors in

classrooms and who encourage studén;s to develop and practice these qualities.
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Discrepancies between Apis kind of science educaéion and that p:aéticed
in many schools are apparent; Insteéd of actively participit;ng in
observation and experimenta;ioh, students are passive ;isteners. Rather than
aSSumingvrequnsibiiity for their own learning, many students wait té be
taught--often seeming to resist learning. Instead of guiding their behavior
by alset of béiiefs about the learning process, their behaviors are guided by
the lhtes; fad,:a TV ad, or a drive for instant gratification.

To be sure, there are somé gtﬁde?ts who are effective learners in fine
science programs. The challenge that faces science education is to make all
students effecfive pursuers of knowledge. A_scientifically-basgd pursuit

should help us meet that challenge.
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Audrey B. Champagne and Leopold E. Klopfer, Learnxng Research and Devs}gpment
Centex,“UnlversLty—of—Plttsburgh~w e

A PERSPECTIVE PAPER
RESEARCH IN SCIENCE EDUCATION:
 THE COGNITIVE PSYCHOLOGY PERSPECTIVE

A.body of psychological theory is accumulating that will have major .
impact on the practice of science education in the 1980s and beyond. The
theory developed by cognitive sc1ent1sts--cogn1t1ve psychologlsts and
researchers in art1f1c181 1nte1113ence and information theory--is changing our
concept1ons of science 1earn1ng and teachlng (7, 22). This cogn1t1ve
perspective on learning stands in contrast to the_behavioral and developmental
.perspectives that have been influential over the past quarter century dn che :
practxce of science educat1on. '

In this chapter, we discuss certain basic assumpt1ons of the new
coghi;iye perspective on human learning and 111astrate the relevance of the ~
perspective to science ceaching andllearning. The behavioral perspective,
which is familiar to most science teachers, builds its theories on data drawn -
directiy from overr human:behavior and regards the human mind essentially as a
black box. In contrast, cognitive science builds its theories on models of
cogn1t1ve processes and the contents and struccural organization of human
memory.

Cognirive scientists theorize ahout human cognition using computational
metaphors. To explain cognitive processes, they use the cohputer as 8
metaphor for the mind,’cohputing as 8 metaphor for thinhing,.and data
~structures as a metaphor for the knowledge in memory. The notion of thinking
as computation is not new. In 1651, Thomas Hobbes observed that "reasonlng is
but reckoning" (18). This view is qa1te consxstent with the perspective that

- gssociates human thought and machine computation. Both are, in essence,

symbol manipulation.
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Reéear;hers and practitioners in‘the behaviorist tradition characterize
iearning in terms of permanent changes in qbservable behavior. ‘'In contrast, -
researchers iﬁ the developmental and cognitive traditions describe development
and learging in terms of changes in the contents and structural organization .
of the mind.

One implication of this difference in perspgctives relates to ways in
which objectiVés for gcience teaching are étated. Currently accepted practice
dictates that objgetives should des;ribe the desired instructional'putcomes in
terms of ovért behayiors.' Récenﬁly, cognitivé\psychologists have proéosed
that it is both reasonable and productive to séesify instructional outcomes in
.terms of the cégnitive'prb;eéses and‘knéwiedge'sgructurgs that students ought
to acquire. Cognitive cbjectives oflinstruction ;pecify cognitive structures,
processes, and skills that underlie successful pe?formanée of academic ‘tasks.
Overt behavior provides important dat; to cognitive researchers; however,
their theorizing is not limited to dat% from this source.

Objectives éﬁphasizihg ove;t behaviors and cognitive objectives are
contrasted in Figures 1 and 2. The fizgt figure shows some tyéical ' ;

: \

behaviorally specified instructional obsectives for a unit on the physics of

sound. The example of a cognitive“objecfive shown in Figure 2 is for the same

topic. . Here, the declarative knowledge - :ructure for the physics of sound

that students should acquire from ine: iction is represented. One way \
‘cognitive scientists specify declarative knowledge in human memory is in terms|’
\\\ of propositions. In this diagram; the concepts are shown as the links and the|

relations are shown as the nodes of a propositional network. The diagram does

\

ot represent all that the students are expecféd to learn. The students also
\

neeéd knowledge of the procedurés that enable them to apply the knowledge
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appropriately in the solution of problems. Nonetheless, this representation
specifies the information that should be present in some form in the student's

memory as the result of instruction.

(Insert Figure 1 and Figure 2 here)

The proposal to state instructional objectives in cognitive terms
I - :
undoubtedly comes as a/ surprise to_teacﬁers who have been taught that -the
description of learpiﬂg in terme-of unobservables is neither scientific nor
'pteduttiGe. However, the cehtributions of coénitive theorists to our
understanding of human cogﬁition, and the deveioﬁment of formal ﬁethodslto
assess_end moﬂel human theeght have qede thinking about science learning in -
cognitive terms both scientific and highly.productive}

The cognitive perspectlve differs from the behavioral in its view of the
nature of the learner, emph381zlng both the active and constructlve nature of
learning. Developing cognitive theory provides a new perspectlve on the role
of prior knowledge in the learning process and helps explaln the results of
" research by science educators and psycholog1sts that documents the persistence
'and pervasivehees of naive theories cf the physical world. (We will discuss
naive theories in some detall later in thls chapter.)

The emphasi: by cognitive sctentlsts on the role of prior knowledge is
quite coﬁeistent with the theory of David Ausubel (2), but differs in some
aignificant ways from the developmental theory of Jean Piaget (12). This
the:.ry, «8 it has been interpreted and applied by North Amerlcan science
e@ucators, argues for a causal relationship between what a student is capable

of learning and the 1eve1 of the student s cognitive development, expressed in

' terms of the mental. operatlons or reasoning processes 8V8118b1e to the

student. In -
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After completing the.unit, the student shduld be able to:
Describe how waves_are created and hov\they'transfer energy.
Discuss the meaning and relationships of the following
quantities: wavelength, frequency, period, amplitude,
displacement, phase, reflection, refraction, diffraction,
interference.

Distinguish between longitudinal and transverse waves.

Use Huygens' principle to predict wave behavior.

Cite experimental evidence that sound energy is transferred by
waves. :

Describe the waveforms of sounds as shown on the' screen of a
cathode ray oscilliscope.

' Measure the approximate speed of sound in air.

Set up standing waves in a long spring and observe similar
waves in a guitar string.

Describe how sounds are created, how they travel, and how sound
”differences are related to the wave form.

Discuss the physical and psychological characteristics of sound
waves.

Pigure 1
Portion Of The Instructional Objectives For
A Unit On. The Physics Of Sound

(Adapted from Stollberg & Hill, 1975)

2
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Knowledge Structure (in the Form of a Network
of Propositions) for the Physics of Sound (15)
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Aruitoxt provided by Eic:

this framework, the student's general level of cogaltxve funct1on1ng
determines the complexity of the science content that the student is capable
of learning. Although Piaget's theory recognizes that the student's
utilization of particular mental operations depends on the context, when the

iagetiian paradiém is applied to research on science learning, the emphasis-is
on the level of mental operatlons available to the student. The Piagetian
perapectiye has become so familiar in science education that talk about 1eve18
bf'cognitive development—-Piaget 8 preoperatlonal, concrete operational, and
formal stages—-has become commonplace, not only in reports of researchers, but
in ;iscussioas among practicing teachers as well, The new cognitive
perspective.directa-greate;'attenfion-to the structure of the student's
knowledge and to the influence of science-specific knowiedge on the student's
acquisition of science information and concepts. This view of science
learning is the pr1nc1pa1 new 1nsxght of va1ue to science educators that we
want to discuss here.

e;‘

......

-

There is general agreement in both Piagetian and cognltlve theories that
knowledge is stored or represented in memory in an organized fashion. Both
o \

theories use the term schema to refer to. a knowledge structure in memory. It

“is useful to think of knowledge in memory as being of two types: procedural

knowledge (knowing how) and decka;atiye:kpowledge (knowing that). In

Piagetian theory, a schema is a "ecognitive structure which has reference to a

class of similar actions" (12). If actions are assumed to be synonymeua with

procedarea, a schema in the Piagetian perspective is a procedural knowledge

structure. In contrast, the information processing perspective generally

defines a schema as a declarative knowledge structure that has reference to

classes of similar objects, situations, events, and relations.
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David Rumsihast, ahe cognitive psychologist who has made major
contributions to schema theory, likens schemata to plays (24). A play has
characters. In:different productions of the play, the characters are played
by different actors. By analogy, & schema has variables (charac;ers) and, in
different instantiations of the schema (prpductions), the variables have
dlfferent values (actors) For example, an expert physicist has an inclined
plane'echema.' The inclined plane schema is analogous to a play. The inclined
plane schema defines certain necessary and inter-related elements (e.g., the
inclined surface, the support that holds the surface at an angle). These
elements are'analogous to the characters in the play. A playgrouad glide, a
stairway, a ramp, & hill, and a wedge are specific instances. of inclined
planes, although dxfferent obJects are the elements that coabine'to.form them
(analogous to the actors in a apecific performance of the play) In addition
to the schemata for objects, such as the inclined plane, expert physicists
also ﬁg:s representations.in~memory of schemata for situations (e.g;, objects
in free fall), eaents (e.g., decay of a subatomic particle), pfoblems (e.g.,
‘conservation of momsntum problems), and systematic relations (e.g., Fema).

Schemata also differ in their degree of'abstractness and their range of
app11cab111ty. This aspect.of schemata iz illustrated by the follewing
analogy. Literary compositi.ns are characterized by genre. Novels or short
stories are types of literary compositions; on a more concrete level of
'abstractlon are mystery novels and gothic romances, which are specific
categories of novels. While all novels have characters and situations, the
types of characters and,situa;ions you would find in a mystery novel differ
from those you would find ia,a gothic romance. The schema for a mystery nbvel
would include what aognitive scientists.call slots for a detective, a

criminal, a crime, and a solution, with typical relations among them. The
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criminal commits a crime; the detective finds.the,eolution._ On the other
hand,‘the gothic romance would include slots for hero, heroine, roﬁance, and
mystery. The hero and the heroine are driven apart by ‘a mystery and drawn '5
together by romance. S1m11ar1y, a schema for Agatha Christie myster1es is
less abatract than.the schema for a generic mystery, and is different from the
schema for mysteries by Sir'Afthut Conan Deyle. |

hs we cen see, schemata have different degrees of abstractness and ranges

of applicebilitiesg We will use the terms microschema and macroschema to

distinguish schemata along these dimensions. Microschemata are less sbstract
and have a narrow range of applicability. A macroschema, in contrast, is a
mental structere encompasslng several microschemata. The>major{conceptual
schemes of science are examples of macroschemata.

" Schemata play a key role in cogn}t1ve scientists' theories bf te#t

comprehension, learning, and problem solving. Schemata are seen to funct’'on

v
N

in our interpretations of sensory data, both linguistic and non-linguistic,
end in the storaée-and retrieval of information from memory. The following
examplee illustrate how schemata fupetion. They are drawn primarily from
research studies on -text comprehen81on. After these examples, we will .
describe how schemata functlon in the interpretation of non-linguistic ‘data,
specifically observations reported by students of the motxon of ob;ects,1n
free fall. | |

Our first example, called “Balloons,“ jllustrates what happens wﬁen a

reader does not have the appropriate schema. Read the text, then ask

yourself: "Do I understand it? How do I 'interpret the paragraph?"

~Balloons

1f the balloons popped the sound wouldn't be able to carry since
everything would be too far away from the correct floor. A closed
_window also prevents the sound from carr 1ng, since most buildings

o>
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tend to be well insulated. Since the whole operation depends upon a
steady flow ‘of electricity, a break in the middle of the wire would also
cause problems. Of course, the fellow could shout, but the humen voice
is not loud enough to carry that far. An additional problem is that the.
best situation would involve less distance. Then there would be fewer ’
potential problems. With face-to-face contart, the least number of
things could go wrong (3). : '

For most“péople,'it is difficult or impossible to integpret the
"palloons" text, even though they Eécognize the meanings of all the words and
cah comprehend the individual senfgnces. The difficulty is that the reader
does not possess the.apptopriate schema. In this instance, the necesspry

schems can be obtained from the drawing in Figure 3.
\ .

‘ (Iisert Figure 3 here)

Once you have looked at'EﬁéJdrawing of the electronic serenader and
ret&rned to the example, the interpretation of the “Bglloons“ text is no
longer obsﬁure. Having the apprbpiiaﬁe schema‘ﬁakés understanding possible.

Our next eiample describes a certain profedure, dsing‘easily recognizable
words and sentences. This is an example“of a situation in whici, although you
have theé schema, you do not have enough cues to\call,it up, as they say in
computerese. Read the text. Do you know what procédute is described in this

paragraph? How much of the infdtﬁation in the paragraph can you remember ?.

3

-

The Procedure o
The procedure is actually quite-simple. First you arrange things
into different groups. Of course one pile may be sufficient
depending on how much there is to do. If you have to 3o somewhere
else due to lack of facilities that is the next step, otherwise you
are pretty well'set. It is important not to overdo things. That
is, it is better to dw too few things at once than too many. In the
short run this may not seem important but complications can easily
arise. A mistake can be expensive as well. At first the whole
procedure will seem complicated. Soon, however, it will become just
another facet of life. It is difficult to foresee any. end to the
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necessity for this task in the immediate future, but then one never
can-tell. After the procedure is completed, one arranges the
materials into groups again.,” Then they can'be put into their
arpropriate places. Eventually they will bé used once more and the
whole cycle will then have to be repeated. However that is part of
life (3).

In this illustraflon, the difficulty in interpreting and remembering the
-~ o~ ~ - .

text does not arise becrus. che reader does not possess the appropriate
schema, because virtually everyone ic familiar with the procedure in
question. When you are given a clue ;hét lets you retrieve the needed schema,
you will both“understénd and even remember the information in the paragrgph
without reading it again. (The clue ig‘to change the firs; sentence to read:
"The procedure for washing clothes‘is aétually quite simple.")

Our next comprehension example illustrates the case in thch the
informafion in a text is vague and can be associated with two or more
schemata. Read fhe example, "An Evéning.ét Play." What do you think the four

people did?

&n Evening at Play

Every Saturday night, four good friends get together. When Jerry,
Mike, and Pat arrived, Karen was sitting in her living room writing
some notes. She qulckly gathered the cards and stood up to greet
her friends at the door. They foll..ed her into the living room but
as usual thiey couldn’t agree on exactly what to play. Jerry
eventually took a stand and set things up. Finally, they began to
play. Karen's recorder filled the room with soft and pleasant
music. E%rly in the evening, Mike noticed Pat’s hand and the many
diamonds. As the night progressed the tempo of play increased.
Finally, a lull in the activities occurred. Taking advantage of
this, Jerry pondered the arrangement in front of him. Mike
interrupted Jerry's reverie and said, "Let's hear the score." They
listened carefully and commented on tbelr per formance. When the:
comments were all heard, exhausted but happy, Karen’s friends went
home gc 1977 American Educational Research Association, Washington,
D. C.).



If you are a musician, you probably said they played music. If you are a
card player, you probably said they played bridge. When'this text was given.
to college music majors, they said it was about a string quartet. They had
trouble even recognizing the existing alternative interpretation even after it
was pointed out to them.

Our last éxaﬁple, the cartoon in Figure.4, illuétrates'that our students
do not always associate information we give them with the schema we intended.
Undoubtedly, Sally's ;eacher intended that she attach her newly learned units
of metric measure to a measurement schema. HoweQer, Sally associates the
terms with her familiar and well-understood relatives schema. In this way she
constructs her own meaning for thelmeaningless terms she has been asked to
memorize. The example may seem far-fetched, but evidence is accumulating that
science students often associate information with schemata other than_thé one
the teacher intends (10, 23). This fact ﬁelps to explain both the existence
of naive.thebries of the physical world and tﬁeir resistance to change under
normal conditioné of instruction.

A}

(Insert Figure & here)

Naive Theories

Research conducted by science educators and psychologists in the United
States and other countries has yielded persuasive evidence that students;
youhg gnd old, have descriptiye and explanatory systems for sqientific
phenomena before they experience any formal science instrucéion (11, 13, 17,
19,'25). These naive theories differ siéhificantly from what students are
expected to learn in their study of science, and ‘these theories pérsist in fhg

minds of students even after they have successfully completed science courses

taught by the customary instructional methods.

) 23:5()

ERIC

Aruitoxt provided by Eic:



KEEP GOING, I CAN
HARDLY waiT To StE
WHAT CONES NEXT.

—

.G51972, United Feature Syndicate, Inec.

Figure 4

The Gram Schema in "Peanuts" .
@ 1972, United Feature Snydicate, Inc., used with permission
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One example of a naive theory many students bring with them to science
class concerns heat and tempereture (29). The naive theory explains
temperature change by the flow of>heat into or out of objects. In thip naive
theory, the process of heat flow is analogous to the process of water flow
into or out of porous objects, increasing or decreasing their weight. This
naive theory is very dlfferent from the present scientific theory, which
env181ons a k1net1c-molecular ‘model of matter and heat as a form of energy.
Another naive theory held by many students concerns\1nherrtance (4). Before
they have formally studied biology, many students believe that acquired
physical characteristics can be transmitted to an organism's offspring. An ,

example of this is the belief that, if a fair-skinned\couple_moves into a

4
!

tropical climate where their sk1n becomes darkened by, .long exposure to the

\
sun, their child will be born with dark skin. By contrast, current blolog1cal

theory holds that only genetically-determined traits ane inheritable. This is
the theory taught in biology classes. _Neverthelese, the students' naive
theory of inﬁeritance persists even after they havew;ompleted their biology
courses with hign grades., ' \ \

Perhaps the most striking instance of the tenacitjgof(stqdents' naive

\. : . AP
conceptions concerns their.naive theory of the motion of obJects.(14, 20,

| N \,
28). Research we have carried out demonstrates that the_bel}ef\that heavier

.

~ objects fall faster than lighter objects is not reaaily»chanéeo‘py instruction
'(6, 8, 16). In a study of beginning college physicexstudents,‘aﬁout four
students in five believed that (all other things being equai) Hea;ier obiecte
fall s1gn1f1cant1y faster than lighter ones. These results areipart1cular1y
surprising, 81nce\ebout 70 percent of the students in the sample\had studied
high school physics--some for two years. Furthermore, students 1n the sample

who had studied high school physics did not scere 81gn1f1cant1y d1fferent from

those who had not. | 253 A\ k'



N \

Similar fin&jngs abo&t the persistence of the heavier-faster belief, and other
naive concépti ns abodg the motion of objecﬁs, have been repoftedvin studies
of physics students in countries on three continents.

The students'\naive theory of motion derives from years of experienég
with moving objects‘and .erves the students satisfactorily in describing the
world. Nevertheless,\;his'naive~theory»ié quite»differeﬁt from the -formal.
sysﬁem of_Néwtonian mechanics, which physics courses seek to teach. The
central principle of the students' naive theory is that velocity is
proportional to force. By contrast, in the physicists' macroschema, the
_f&rmal Newtonian system of mechanics, the central.principle is that
acceleration is proportional to force.

Another characteristic of the'students' naive theory is the lack of
coordination and consistency among its components. We previously noted that a
macroschema is typically conceived as encompasing sevéral é%crosthé ata. For
example, three possible microschematg for a motion-of-objects m;croschema are
those for free fall, the inclined plane, and motion along th. orizontal. In
the Newtonian macroschema, these microschemata and others are coordinated and
internally consistent. All are Aespribed by the laws of Newtonian mechanics.
In contrast, in the‘na1ve motlon-of-obJects theory, the ;ase i= quite
diffzrent. The lack of cons1stency among the several components is
remarkable. The principles that apply in one situation (say, free fall) tend
to remainulocalized_within that situatién.and are not applied to other
situations (inclined plane, horizontal motion). The gxpgcta;iqn that an
abstract rule or principlelcould apply to a range of#gifferent situations ié

£ ' ] ,

lacking or poorly developed. ‘Consequently, the var#ous physical situations

concerning motion can be quite iSolated from one another in the students’

{
)

naive theory. A maJor result of this isolation 18 that the na1ve theory is

able to accommodate new 1nforﬁ ition locally wlthout produC1ng conflzft with

l

. . ’ o

other



parts of the system. In this way, the system can add principles that may
cont?adict other principles already present and yet not reduire_a_major
raconceptualization.

As we noted before, students do not readily change their naive theories.
Schema theory helps us to understand why naive theories do not chaage with

7Cu8tomary instructippal me:ﬁaég; ,-” - T

Earlier we illustrated certain functions that cognitive scientiats
hypothesize for schemata. One function is related to ahe interpretation of
sensory data. »Some‘intefesting observations we aave made of students'
interpretations of science demonstrations can be explained using schema
theory. Our obseérvations were made in the context of a study whose goal was
to 1nvesflgate student's 1nterpretat10ns of physics demonstrations (8). The
experlmental strategy involved showing students some 81mp1e physical apparatus
and describing a manipulation of the apparatus. The students were asked to
predict the outcome of the demonstration and to report tpe-information they
used to generate the.pfediction. Then the demonstrafion was done and the
‘students were asked to describe their observations and to discuss any
conflicts batween their predlctlons and their observatlons.

In one task the students were asked to compare the tlmes for two
identically—shaped objects (plastic and alumlnum blocks) to fall equal )
distances of about one meter. The situation for this task is shown in Figura
‘5. About 80% of the 500 college, middle school, and high school students we
interviewed predicted that the aluminumlbiock would fall about five times

faster than the plastic block. A significant proportion of the students who

predicted the heavier object would fall faster, also reported that they

k4
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observed that the heavier object fell faster. Their free-fall schema, which
contained a proposition that heavier objects develop greater downward speed in

free fall, distorted their observation.

(Insert Figure 5 here)

Even when students observed that the objects fell at approximately the
s#me rate, their naive free-fall schemata directed their thoughts to
alternative explanations for the observation. Freqéently, when students'~§
observat1ons do not fit their predictions, the students will criticize theA
experiment. In the free—fall case, they argued that, if the blocks had fallen
a longer distance, the aluminum one would be observed to fall faster. -
Students cannot easily give up éropositions in thei; naive schema, as the
following scenario illustrates. l h

In this demonstration, the proposition that the greaster the speed of an
object, the éreater Fhe force on it, ieads the students to conclude that an
object's weight increasés measurably as the object moves about 50 centiméters
closer to‘the earth. The students were obéerving ghe motion of & block Being
pulled along the horizontal by a bucket\suapended over a fixed pulley
(illustrated in Figure 6). The students observe that the block's speed is
about five times faster at point B than at point A. They explain .that the
greate; speed at B is due to the greater pull of the bucket. This is an
application of a proposition from their motion schema that velocity is
proportional to force. They reason that, because the block moves fivé”timés
faster when it is at B, the bﬁcket pulls five times harder when it is atbg,
and it weighs five times more at E.than.af a. Asked how this was possible,
the students noted that the bucket was closer to the ground and called upon a
proposition in their wéight schema that the clqser an object is to the ground,

the heavier it is. The students were encouraged to weigh the bucket when it
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Figure 5
Apparatus for the Alu@inum and Plastic Blocks Demonstration

The aluminum and plastic blocks will be dropped simultaneously from 1
meter above the floor. Make a prediction comparing the times when the
blocks will hit the floor. Some people’ predict that the aluminum block
will hit the floor first, while some predict that the two blocks will hit

- 8t the same time. What is your prediction? What concepts of motion
entered into your prediction? '




was at a and b. They were genuinely surp;ised that the spring scale
registered no difference. Then they arguéd that there was no weight
difference because the &istance from g t§ b was so small. Only after
cqmparing the weight of the bucket, first when it was held near the floor and
when it was held near the ceiling, and then on the ground.floorhpnd ninth
floor of a building, did they decide that the bucket's weight was not
significantly changed by differences.in its distance from the earth. Only at
this point were the students willing to examine the validity of their

lower-is-heavier proposition.

(Insert Figure 6 here)

Another interestiﬁg example from our study illustrates how an existing
schema influences the interpretation and remembrance of science text. Several
students who predicted that the aluminum block would fall faster than the
plastic block attributed their predicfion to some information they had read in
a science book. They reporte& that Galileo had proven that heavy objects fall
fastér than lighter ones.. The students recall, quite accurately, that Galileo
asserted that a gold coin will fall faster than a feather. They fo;get,
however,\the crucial part of the argument where éalileo'asserts‘that, in a
vacuum, both would fall at the same rate. They recall the parf of quileo's
argument that is consistent with.the heavier~is<faster proposition'in their
free~fall schema. They forget the part of the story that does not fit into
their- schema. |

Oﬁe striking characteristic of naive science schemata is their
4accommodation to inconsistent information. Maﬁy studgnts' free~fall schemata
contain the proposition that heavier objects fall fa#ter because gravity pulls
harder on heavier objects. Once the students come to belieQe that the plaétic

and aluminum blocks fall at about the same rate, a new proposition
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appears——gravity pvlls equally on all objects. These same studenfs agree that
weight is a measure of the pull of gravity on an object. They are, however,
quite surprised with a logical implication that can be drawn from these
propositions—--namely, that all objects have the same weight. However, such
contradictions are easily patched. In this instance the students argue that
mass is the magical quantity that explains the troublesome contradiction. Not
only is information within naive schemata poorly coordinated, it is 8186 .
poorly(coordinated between schemata. Once students are truly qbnvinced tﬁat
the aluminum block and the plastié block take the same tiﬁe to fall the séme
distance, we ask them to make a prediction comparing the times for two toy
trucks of different mass to slide down the same incline. They predict and
argue vigorously that the heavier truck will get to the bottom of the incline

first.

These scenarios provide evidence about how schemata function in our

¢ .

-thought processes and suggest some reasons why naive theories of the nhysical

world are so difficult to change.

Naive theories are derived from experience and have inherent validity.

It is true, after all, that stones do fall faster than leaves. It is also the

case that we have few experiences that contradict our naive schemata. We do

“

not observe feathers falling in vacuums or bricks sliding on frictionless.
surfaces. The naive schemata are functional and allow us to function :

" adequately in our daily lives. But most important, the naive schemata sre

undetected by teachers. ‘ ' , 0
When we teach, we assume students interpret text, lectures, and
experiments as we intended them to be interpreted. The evidence is

accumulating that this assumption is often not valid.-
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1 Implications
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Instructi

The research results and ideas reviewed here have important implications

We will mention but a few

\

for improving instruction in science classes (7J.
of these. Findings from research under ;he cognitive perspective”demonstrate
that students' cbmprehensipn of science iqstruction_is greatly influenced by
the students"existing knowledge. Hence, the teacher should have detailed
specifications of the students' relevant knowledge as they begin to study a
science unit. Using pretests to diagnose students' knowlédge Before beginning
a unit of instruction is notwa new tgchnique, of course. ‘What_the cognitive
research néwly‘suggests,_however, is that the greinstrﬁftiona1 diagnosis
should be so designed that it reveals;to the teacher an accurate picture of
the existing knowledge structures and accessible cognitive processes in the
sgudents' memories. The teachgr.negds this picture to plan science
instruction from which students will iearﬁ eff;ctively. In teaching dynamics
in introdﬁct;ry physiecs, fog exampie, fhen the students' prior éonceptions
associate‘forces'only with animate beiﬁgs, or when they bélieve_thaf a force
is acting on an object moving at constant §e10city, appropriate instructional
stratééies mustvbe planned to take account of such existing knowledge. Again, ,
in teaching evolution :in biology, when students come to instruction believing"
thaévthe characteristicgvactidentally aequired by an individual organism in
its lifetime are trangéiséahie to the Qrganism's offspring, the te;cher must
plaﬁ an insiructional gequence“that takes .account of this existing k;owledge.
Info;métion about students' knowledge str;ctures also provides the ‘
teacher with a poﬁerful tool for aséessing'the extent. and quality of the
students' understanding. All too often, achievement tests in science\;anage

only to assess students' ability to recall spécifié facts or ideas. We say

that we are trying to teach for understanding in science, but we do not assess

- ‘ ~
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', students' understanding very well, if at all. The findings of cognitive

\

kesearchkéffer e remedy, sincg an indicator of understanding is the number &nd
k}QSS of connections between concepts in a person's»kncwledge structure; When
stu&bnts produce a representation of the relatiohships between science
cdncepgs in a given set, they arc, in effect, displaying gheir understanding

of these c&nsepts. Various techniqueec for obtaining represeﬂtction of science

N\,

concepts from\thdents are available. One which we devel. ped is celled the

Concept Structuring Analysis Technique or ConSAT (5). Other techniques

ihclude concept mapping (21), word association tasks (9), and free-sort tasks

N

~—

, (26). Any of these techniques can be used to obtain representations of the

students’ knowledgé structures of science concepts.

Cognitive research.usesAéﬁrious data-gathering and ahalysis téchniques,
and teachers can applé;them to.obtaiﬁ.det;iled specifications of their.
students' knéwledge.' The availqbility of these detailed aeécripﬁions mekes it
possible for the teacher to specify with greater precis%on the instrg;tionai
tasks and stra%egies that w@ll best aid théus;gdents’ séieﬁce learning and the

extent to which students have achieved understanding.

Do
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